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Agriculture contamination is very common in karst systems due to the 
vulnerability of these aquifers.  Animal waste is often spread across crop land to enrich 
the soil with nitrates and phosphates.  Herbicides and pesticides are also applied to the 
crops.  The transport of these pollutants through the soil and epikarst is a difficult 
process to monitor due to the complex, heterogeneous behavior of the groundwater as it 
makes its way down to the aquifer below.   
An experimental site at Crumps Cave lended a unique opportunity to monitor the 
vadose zone at a waterfall in the cave below.  A previous dye trace established the 
connection between an 11.15 m2 grass plot and this underground waterfall. The field 
design used here, utilizing a rainfall simulator, allowed control of the input of 
precipitation and tracers to understand more about the movement of stormwater 
infiltrating the soil and the differences in transport of solute particles and bacteria in the 
epikarstic zone.  Two particle transport experiments were used to better understand these 
processes.  The first trace involved injection of fluorescein dye and sodium chloride.  
The 2,650 liters of solution were injected over a period of 3.6 hours at a rate of 6.6 
cm/hr.  An electrical resistivity traverse, perpendicular to the hypothesized straight-line 
path of the established dye trace connection, showed a peak in lower resistance at the 
 ix 
upper epikarst layers 4 hours and 15 minutes after the beginning of the injection.  Dye 
concentrations reached a peak of 1,600 ppb 3 hours and 15 minutes after the beginning 
of the injection.  The conductivity also peaked at this time with a value of 814 µS.  This 
first trace showed that rapid transportation of solutes happened in localized conduits 
causing a peak of both solutes in the cave before the widespread mobilization of sodium 
chloride was seen in the epikarst by the resistivity images an hour later.   
In the second trace, 2,605 liters of a sulphorhodamine dye solution was injected 
over 180 kg of dairy cattle manure spread on the 11.15 m2 plot of grass for a period of 
3.6 hours at a rate of 6.6 cm/hr.  Dye concentrations reached a peak of 27 ppm 4 hours 
and 15 minutes after the beginning of the injection.   Fecal coliform reached its first peak 
of 2,755 MPN (most probable number of viable cells per 100 mL of water) 90 minutes 
prior to the dye peak and a second peak of 2,481 MPN occurred 15 minutes prior to the 
dye peak.  These results showed that solutes travelling through the soil and epikarst 
follow similar paths while bacteria prefer conduits that offer more rapid transmission to 
the underground waterfall.        
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CHAPTER 1 INTRODUCTION 
 
1.1. General overview of karst 
It is estimated that about twenty-five percent of the global landscape is karst 
(Veni et al., 2001).  Throughout the world, these regions are valuable for their water 
resources.  Before the technology of drilling advanced, communities developed along 
karst landscape margins where they could most efficiently use the water emerging from 
large springs.  In areas where drilling is still not affordable, communities route water 
from springs or pump water from caves and sinkholes with hand- or wind-powered 
pumps (Veni et al., 2001).  The protection and understanding of these karst systems can 
help ensure the stability of water resources in karst regions.   
The vulnerability of this environment lends itself to negative impacts from 
pollution.  This problem suggests that those who live in karst environments should 
change the way they live and develop their communities.  Many researchers across the 
globe are simulating models to investigate contaminant transport by conducting dye 
traces and developing an understanding of karst conduit formation patterns within 
different geologic conditions and time scales (e.g. Di, 2005; Dreiss, 1989; Loop and 
White, 2001; Veselic, 2003).  Water resources are a major commodity in karst regions. 
These areas lack surface water but generally have some of the largest springs.  The 
increased difficulty of storing and allocating water resources in karst regions is due in 
large part to typically high porosity of the bedrock.   
Karst environments also host many ecological niches.  Some of the species living 
in caves are actually very important for the landscape above ground.  For instance, bats in 
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western Africa account for 90 – 98% of the seeds that begin the reforestation of cleared 
lands (Veni et al., 2001).  The specialized environment of a cave requires that organisms 
be able to live in a dark, low-energy ecosystem.  Biologists examine these niches to 
understand the extreme adaptation of species.  Many microbial organisms are now being 
researched in karst environments.  Microbes implications are not fully comprehended, but 
some have been proven to accelerate dissolution rates.  Engel et al. (2004) provided a 
case study of Lower Kane Cave in Wyoming, and showed that microbes are vital in the 
production of sulfuric acid that accelerated the carbonate mineral dissolution process.  
Similar processes are hypothesized to have played a major role in the evolution of 
Carlsbad Caverns in New Mexico. Along with a fuller understanding of karst 
geomorphology, these microbes have been used in some cases to trace groundwater and 
identify pollution sources (Veni et al., 2001). 
Component separation of spring hydrographs has become a useful approach to 
studying the factors that affect recharge within karst groundwater basins (Einsiedl, 
2005).  This method has allowed researchers to distinguish between vadose and phreatic 
recharge waters.  This important step was necessary for understanding the karst systems 
since springs are the most accessible and convenient place to monitor a groundwater 
basin.  Many studies have involved monitoring water quality parameters at springs in 
order to characterize the karst system upstream (Hess and White, 1988; Ryan and 
Meiman, 1996; Raeisi and Karami, 1997). 
Modeling of karst aquifers has been an important tool in understanding the 
transportation of contaminants within these systems.  White (2003) outlined the 
differences in many types of karst systems with his conceptual models.  Water quality 
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monitoring and particle transport experiments have enabled scientists to evaluate the 
physical and chemical characteristics of karst aquifers (Groves et al., 2005; Florea and 
Wicks, 2001; Einsiedl, 2005).  Recent improvements in monitoring techniques and 
equipment have allowed researchers to become more confident in their conclusions and 
spread their study areas to a wider radius encompassing many different types of karst 
systems.   
 
1.2. Examination of the epikarstic zone 
The epikarstic zone is an extremely vulnerable part of the karst system.  This is 
the area in the vicinity of the soil bedrock interface (Figure 1.1) and extending to depths 
of two to ten meters depending on the geologic conditions and development of karst 
processes.  This area of the bedrock has typically been highly dissolved due to the acidity 
of the groundwater which commonly reaches this zone first.  The fractures and bedding 
planes in this zone are solutionally-enhanced creating a three dimensional maze of 
interconnected channels.  As the pH of the groundwater is buffered by the dissolution of 
limestone in the epikarst, the network of conduits develops a very complicated system 
with variable amounts of storage and flow.  These voids may be filled with sediment in 
some areas and completely open in others making flow within the features very difficult 
to model.   
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Figure 1.1 Photograph of typical epikarst development 
Source:  http://academic.emporia.edu/aberjame/field/blog09.htm 
 
The system within the epikarstic zone has become an important part of the puzzle 
when studying groundwater contamination in karst landscapes.  Much attention has been 
focused on understanding pollution that enters the karst aquifer through sinkholes, 
swallets, and sinking streams (Auckenthaler et al., 2002; Boyer and Pasquarell, 1999).  
This type of contamination, caused primarily by surface water run-off, is an enormous 
part of the problem concerning groundwater quality.  Recently, more efforts have been 
made to monitor the effects of pollutants infiltrating thin soils and interacting with the 
epikartic zone on the way down to the water table (Göppert and Goldscheider, 2007).   
This research aims to better understand processes associated with contaminant 
transport in the epikarstic zone.  The uncertainty of capacity and flow within the epikarst 
is most certainly due to the fact that this realm straddles the disciplines of karst 
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hydrogeology and soil science.  The transportation of contaminants within the epikarstic 
zone depends on variables such as precipitation rates and intensity, soil properties, and 
geologic conditions.  These factors play a major role in the hydrologic response of the 
epikarstic zone and must be examined when evaluating the storage capabilities and 
transport mechanisms within this zone.  Despite these hurdles, scientists have 
experimented with the intriguing nature of the epikarstic zone and hope to show its 
importance with respect to flow and storage within the greater karst system (Williams, 
1983; Groves et al, 2005). 
Water resource protection has been important ever since communities began to 
form along riparian boundaries.  The integrity of these waters is determined by our 
respect for these resources.  Humans have become more sensitive to their impacts on 
natural resources since the environmental movement of the 1960’s and 1970’s.  Less 
attention is paid to karst environments though, where underground routes are not always 
defined and pollution effects are often not visible.  Areas of karst aquifer recharge (e.g. 
sinkholes and swallets) are sometimes riddled with barrels, batteries, and other residential 
waste. Until recently, the public had little awareness that it was compromising its own 
water resources.  Recent efforts by communities have been made to clean up these areas 
where pollutants are introduced to the aquifer.   Contaminant transportation threatens 
valuable resources as karst landscapes in the United States are being developed at a rapid 
rate.  The results of this development are increased concentrations of pollutants and less 
soil to percolate and filter those contaminants (Crawford and Reeder, 1989).   
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1.3. Contamination of karst aquifers 
Karst regions have proven to be particularly vulnerable to groundwater pollution.  
The vulnerability of karst waters to pollution is due to many factors.  The soluble bedrock 
beneath the ground surface has developed into a pathway for all types of pollution.  Karst 
systems often allow bypassing of filtration of contaminants due to thin soils and rapid 
transportation through macropores and conduits.  These contaminants can only be 
monitored at accessible points, generally springs or wells, making transportation of 
contaminants a difficult process to monitor.  Increasing development in karst areas 
compounds these problems. There have been significant efforts by scientists to develop 
methods protecting karst aquifers.  Veselic (2003) stated that even water with no resource 
value is treated as a potential pollutant transmitter.  He also asserted that the physical and 
chemical characteristics of the host geologic structure determine the fluid flow impact 
and mass transport feasibility.  As a result of the variability and complexity of a karst 
system, these aquifers are described in qualitative and intuitive terms.  Veselic (2003) 
characterized the pollution-spreading problem with four variables:  type and location of 
pollutant, hydrogeologic conditions below, concentration of the contaminant, and flow 
conditions.  White (2003) offered a conceptual model of the carbonate aquifer that shows 
many relationships.  The primary driving force for water movement through the aquifer is 
the head difference between the recharge area and the resurgence. 
 Closer examination of the karst landscapes in the United States reveals that it 
encompasses twenty percent of the land surface (Veni et al,. 2001).  Many problems are 
associated with urban development over these sensitive areas.  Economic priorities and 
public ignorance about karst systems have resulted in the pollution of many valuable 
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karst resources.  For instance, some septic tank effluents percolate through very thin soil 
or discharge directly into the karst aquifer, compromising the system’s resources.  Many 
other pollutants, such as heavy metals, polychlorinated biphenyls, and radioactive 
chemicals, have been introduced to the karst system due to non-regulated or illegal 
industrial disposal (Veni et al., 2001).  While federal standards for water quality exist, it 
is up to the local city or community to establish and enforce standards that may be unique 
to that area.   
 Many of these environmental problems have been witnessed in southcentral 
Kentucky.  Crawford and Reeder (1989) investigated the non-point source pollution of 
groundwater in Warren County.  Because of the extreme vulnerability of karst systems, 
scientists have created models to track contaminant plumes and evaluate prime sampling 
events at springs to estimate pollution concentrations (Currens, 1999). Many researchers 
have been interested in groundwater contamination (e.g. Crawford and Reeder, 1989; 
Currens, 1999; Di, 2005; Rahman and Shahid, 2004; Sasowsky and Wicks, 2000).  
Milanovic (2004), Black (1996), and Smart and Laidlow (1977) evaluated the use of 
different dyes and salts to trace groundwater.  Hess and White (1988) evaluated the storm 
response of the Turnhole Springs Basin in Mammoth Cave National Park.  They 
continuously monitored specific conductance in an effort to interpret arrival times of the 
storm water.  The variable most related to the travel time was the degree of integrated 
conduit permeability.  Ryan and Meiman (1996) showed that frequent discrete sampling 
must be performed before, during, and after runoff events to capture the high 
concentrations of contaminants that occur over such a small temporal scale.   
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1.4. Agricultural impacts on karst water quality 
Many karst areas, including south central Kentucky, have been used for 
agriculture.  Annual applications of pesticides, herbicides, and fertilizers on agricultural 
plots have become common practice among farmers.  High prices for fertilizers often 
influence farmers to seek alternative sources for nitrogen.  Spreading manure across 
cropland has been a major source of fertilization when the resources are available.  This 
practice not only introduces abnormal nutrient concentration to the aquifer but also 
results in the mobility of fecal coliform including e.coli.        
Transportation of pollutants through karst systems has been highlighted in 
previous paragraphs but agricultural practices can also increase the contamination of 
these aquifers.  The tilling of soils in karst areas can result in a greater amount of 
permeability allowing pollutants a faster track to the bedrock below.  Additionally, root 
systems that develop in the soil are dead after harvest and eventually the organic material 
rots away and can leave a network of macropores through which water can easily travel.   
  
1.5. Transport of water and contaminants through epikarst 
Epikarst environments are very complex and their physical components are highly 
dependent on geologic, climatologic, and hydrologic conditions.  This portion of the 
bedrock at the highest in elevation is the first exposed to acidic water from rain and 
relatively high carbon dioxide concentrations from soil gas.  Due to this fact, the bedrock 
in this zone is highly karstified, often resulting in undulating bedrock surfaces and a 
network of interconnected voids and conduits.  This physical environment makes epikarst 
an interesting hydrologic topic with varying amounts of storage and transportation for 
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groundwater.  These factors vary greatly with geographic location making epikarst 
environments unique to each location. 
Much attention has been given to the topic of epikarst hydrology and 
geomorphology.  Researchers have recognized both differences and similarities between 
epikarst networks around the globe (Williams, 1983; Veni et al., 2001).  Water on its 
way to the epikarstic zone infiltrates the ground surface and travels through the soil 
matrix as well as preferential flow paths such as macropores (Ray et al., 1997).   The 
preferential flowpaths in the soil and epikarst enable flashy recharge of the aquifer below 
while the consolidated soil matrix along with the fractured and inundulating bedrock 
surface define the storage capabilities within the vadose zone.  The flow regimes and 
storage capabilities of epikarst have been examined by Jennings (1985).  He emphasized 
the importance of soil properties and vegetation with respect to vadose zone flow.  
Jennings (1985) asserted the significance of vertical infiltration promoted by colluvial 
soil structures.  Sediments are an important part of understanding groundwater hydrology 
in karst terrains.  Legrand (1973) explained the “inversion of soils” in karst which occurs 
when the majority of the soils in an area are stored in sinks and the subsurface.  The 
ability of the bedrock void to accommodate the sediment from above lends itself to the 
maturation of macropore networks.   
Research has also been conducted investigating the transportation of colloids 
such as fecal coliform (Boyer and Pasquarell, 1999; Auckenthaler et al., 2002; Göppert 
and Goldscheider, 2007).  Crumps Cave has been established as an experimental site to 
study particle transport and flow within the epikarstic zone (Groves et al., 2005).  It was 
previously established that recharge of storage within the epikarstic zone are influenced 
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both by antecedent moisture conditions and intensity of rainfall.  A significant amount of 
storage in the epikarst aquifer above the cave was recognized due to the hydrochemical 
response of the water at this site. 
The research presented in this thesis focuses on the mechanisms within the 
epikarstic zone that determined the transportation rates of different contaminants.  Solute 
tracers were used to evaluate the transportation of chemicals such as herbicides and 
pesticides.  Dairy cattle manure was used to evaluate the transportation of bacteria 
through the epikarstic zone.  The application rate of the tracers was kept constant and 
water samples were analyzed from the underground waterfall and lysimeters in the soil in 
an effort to investigate the transportation rates of each tracer.  These results were used to 
make interpretations about the mechanisms influencing contaminant transportation 
within the epikarstic zone.
 13 
CHAPTER 2 METHODOLOGY 
 
2.1. Description of field site 
Crumps Cave is a well-known cave located about 1.5 km northeast of downtown 
Smiths Grove, Kentucky (Figure 2.1).  The property is situated in the Pennyroyal Plateau 
sinkhole plain about four kilometers south of the Dripping Springs Escarpment.   The 
cave provides a summer home to gray bats (Myotis grisescens), a federally endangered 
species.  The cave, seen in Figure 2.2, was featured on a PBS television program 
emphasizing the cave’s archeological significance and praising the conservation efforts 
of cavers.  The cave has now been purchased by Western Kentucky University with 
money from the Kentucky Heritage Land Conservation Fund and will become an 
outdoor classroom where students will gain hands-on experience with environmental 
research.     
Crumps Cave is contained within the Mississippian St. Louis Limestone (Figure 
2.3) and the Lost River Chert Bed is located between the land surface and the cave roof.  
Rocks in the area locally dip to the west at one to two degrees.  Groundwater flow from 
the cave has been dye traced traveling to Wolf Sink, Grant-Palmore Cave, Mill Cave, and 
finally Wilkins Blue Hole on the Barren River.  The cave is located within the Graham 
Springs Groundwater Basin.  Vadose flow within the cave appears mainly along the east 
wall inside the first 200 meters of the cave.  These waterfalls are referred to as Waterfall 
One, Two, and Three.  Waterfall One is the predetermined tributary draining the 
injection recharge area.  This has been determined by previous dye tracing (Groves et al., 
2005).  
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Figure 2.1 Digital orthophoto of area surrounding Crumps Cave 
Source: Map created from data provided by the Kentucky Division of Geographic 
Information and Hoffman Environmental Research Institute. 
 
 
Figure 2.2 Map of Crump’s Cave 
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Figure 2.3 Geologic map of the area surrounding the imposed Crumps Cave outline  
Source: Map created from data provided by the Kentucky Division of Geographic 
Information and Hoffman Environmental Research Institute. 
 
Soil surveys of the area show that the site is covered with two predominant types 
of soil.  The Pembroke soils of the area are moderately permeable, well-drained soils that 
formed in loess underlain by residuum of limestone.  The soil is generally a reddish-
brown silty clay loam which increases in acidity with depth.  Chert fragments range from 
five percent in the upper portions to fifteen percent in the lower portions.  Pembroke soils 
are often found in the same setting as Baxter soils.  This is the case at Crumps Cave.  The 
area around the entrance sink is dominated by Baxter soils and the area of the injections 
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is near the boundary of the two soil types.  Baxter soils are also moderately permeable, 
well-drained soils.  The parent material of this soil is a weathered cherty limestone.  This 
type of soil is often found in the sinkhole plain where sinkholes have breached the Lost 
River Chert Bed.  The subangular structure of the soil in this case is weak as seen in 
many colluvial soils.  The color of the Baxter soils is yellowish red turning to red with 
increasing depth.  Chert fragments range from about ten to thirty percent.  These soils are 
noted to be strongly acidic to very strongly acidic.  Below thirty-eight centimeters, the 
soil survey notes that there are few fine continuous pores (United States Department of 
Agriculture, 1981). 
 
2.2. Field Methods 
The first trace was on March 5th, 2008 (Julian day 64), following the initial 
background establishment, involving an injection of 1,360 grams of fluorescein (Color 
Index: 45350) and 14.74 kilograms of sodium chloride, both dissolved in 2,650 liters of 
tap water.  The dye and sodium chloride were mixed in a large water tank mounted on a 
flatbed trailer.  A hose was mounted on the output drain of the tank and connected to a 
small water pump.  This pump then led to the rainfall simulator where the pressure could 
be manipulated by the user.  The solution was pumped from the tank at an estimated flow 
rate of 6.6 cm/hr.  The injection began at 11:45 and ended at 15:20.  A subsequent flush 
at 17:00 was done with 757 liters of tap water from a clean tank.  The 3,407 liters were 
evenly distributed over an 11.15 m2 grass plot at the boundary of the Pembroke and 
Baxter soil types.    
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Waterfall One, the predetermined subsurface destination for the tracers (Figure 
2.4) was equipped with two automatic water samplers gathering twenty-four samples on 
a time interval basis of two hours.  When these were offset, the combined samples 
allowed one hour resolution over two days.  This offset pattern also ensured that water 
samples were collected if one of the autosamplers failed to perform its program.  The 
bottles were retrieved and replaced by clean ones when the forty-eight hours passed.   
A second location for detection of the conservative sodium chloride tracer was a 
resistivity traverse which was located at an estimated perpendicular slice of the 
subsurface between the injection location and Waterfall One.  A system of twenty eight 
electrodes and Sting R1 by Advanced Geosciences Inc. was used.  The electrodes were 
placed every 4.6 meters for a total distance of 123 meters. This layout allowed for a 
vertical profile depth of 20 meters.  Monitoring of this traverse at two hour intervals 
before, during, and after the injection allowed a unique visualization of the subsurface 
hydrologic conditions.  
The second trace on May 6, 2008 (Julian day 127) was another experiment with 
the same volume of water and precipitation rate but this trace involved the injection of 
1,360 grams of sulphorhodamine b (Color Index: 45100) fluorescent dye.  Prior to the 
injection at 12:15, 181 kilograms of dairy cattle manure was spread on the ground 
surface.  The 757 liters of flush water for this trace were administered at 17:30.  The 
amount of fluorescent tracer and volumes of injection and flush water were preserved 
from the first trace to allow for comparison of the results.  The only uncontrolled variable 
was the antecedent soil moisture conditions.  The amount of manure was calculated 
based on statistics for different crops’ needs for nitrogen.  We used estimates for cool 
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season grasses requirements for nitrogen and eventually calculated that 181 kilograms of 
manure was needed for the 11.15 m2 injection area.    
 
 
Figure 2.4 Hypothetical sketch of tracer flow route through the epikarstic zone 
 
2.2.1. Dye tracing 
The 2,650 liter solutions were held in a large tank on a flatbed trailer.  A hose 
was connected to the bottom opening of the tank leading to a pump.  The hose continued 
from the pump to a rainfall simulator with a pressure regulator.  The rainfall simulator 
(Figure 2.5) occupies an 11.15 m2 area and is an assembled structure made of pipes and 
tarps which elevates a sprinkler 9 meters above the ground surface.  The tarps on the side 
keep the rainfall simulation restricted to the 11.15m2 footprint.  The rainfall rate was 
monitored using a simple rain gage and the pressure from the incoming solution was 
maintained to assure a constant precipitation rate of 6.6 cm/hr.  This precipitation rate 
was chosen to allow saturation of the soil and epikarstic zone.  This rate is not very 
common in this area of south central Kentucky but can be seen on occasion during some 
storms.  The frequency of this type of storm is estimated to occur every twenty-five years 
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in south central Kentucky according to the National Weather Service precipitation 
frequency data (2009). 
 
Figure 2.5 Photograph of the injection apparatus 
 
A flush was conducted following the distribution of the 2,650 liter solutions using 
a separate tank with 757 liters of tap water.  The flush was conducted with the same 
precipitation rate as the initial injection.  This flush water was used to provide an 
additional volume of water to carry some of the remaining tracers through the soil and 
epikarst and also allowed the injection apparatus to be rinsed of the tracers. 
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2.2.2. Lysimeters 
Three lysimeters at the injection site were also monitored before and after the two 
traces.  The lysimeters were set at three different depths:  0.3, 0.6, and 0.9 meters.  These 
were suction lysimeters which used a vacuum pump to create the pressure difference and 
allowed the soil water to enter the lysimeter through porous ceramic cups at the specified 
sampling depths.   
 Each lysimeter had a rubber stopper with a small rubber hose running through a 
small hole in the middle.  To initialize the sampling procedure, the rubber stopper was 
placed on the lysimeter and the rubber tube was attached to a hand vacuum pump.  The 
vacuum was pumped until the pressure dial reads 60 centibars of soil suction.  At this 
point, the rubber hose was doubled over creating a crease which held the pressure and a 
small plastic ring was used over the folded hose to hold the crease.   
 The lysimeter was left alone to collect the soil water until the next sampling time 
was approached.  The amount of time that the lysimeter collected a sample was 
determined by the user but the minimum amount of time between samples for this trace 
was one hour.  Two hours proved to be a much better minimum collection time due to 
small volumes produced during the smaller intervals.   
 Water samples from the lysimeters were obtained using a peristaltic pump.  The 
hose for this pump was rinsed with deionized water between samples.  The vials and 
bottles used to collect these samples were labeled with a location, Julian date, time, and 
sampler’s initials.       
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2.2.3. Automatic water sampler 
Water samples were collected at Waterfall One with automatic water samplers.  
Sampling intervals differed depending on the desired resolution of the data.  The 
intervals were accomplished by offsetting two samplers with sampling programs that 
collected at equal intervals.  The bottles were collected and replaced after the program 
was complete and the autosamplers were programmed to continue this sampling regimen 
until the dye peak had clearly past.  The interval was then adjusted to sample at lower 
frequencies between the two samplers.   
The bottles used for the second trace were cleansed of dyes and sterilized with 
alcohol to ensure the absence of bacteria prior to the collection of the samples.  This was 
necessary due to the fecal coliform analysis during the trace.  Ice was also placed within 
the bottle carousel and fecal coliform IDEX analysis was run within 30 hours of 
collection to follow standard protocol for this type of bacteria analysis.  
 
2.2.4. Electrical resistivity 
Electrical resistivity geophysical methods were used in the first trace to evaluate 
the transportation of the trace water saturated with sodium chloride as the solution passed 
through the epikarst.  The resistivity traverse was measured along a perpendicular slice 
of the hypothesized straight-line flow path from the injection site to Waterfall One.  The 
location of the traverse can be seen in Figure 2.6.   
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Figure 2.6 Map showing locations of electrical resistivity traverse, rainfall simulator, and 
Waterfall One superimposed on cave plot and digital orthophoto 
 
The Sting R1 system by Advanced Geosciences Inc. was used with 28 electrodes.  
Metal stakes were placed every 4.6 meters for a total traverse length of 123 meters.  The 
electrodes were placed on each stake and secured with a rubber band.  The Sting R1 was 
placed at the midpoint of the traverse between electrodes fourteen and fifteen.  A Dipole-
Dipole array with an electrode spacing of 4.6 meters was previously uploaded into the 
Sting R1 and was used for each cycle of measurements.  The first traverse measurements 
started at 10:00 on Julian day 64.  A new cycle of measurements started every two hours. 
 After the resistivity measurements had been collected for an adequate amount of 
time, a relative elevation survey of each electrode station was conducted.   
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2.3. Analytical Methods 
2.3.1. Fluorescent dye  
Charcoal dye receptors were used to detect the presence of dyes at hydrologic 
features inside the cave during background establishment and also served to back up 
quantitative results from the automatic water samplers.  These results were not reported 
to avoid redundancy within the text but were an important part of the tracer study.  These 
receptors were brought to the Crawford Hydrology Lab and released into the custody of 
the technician that was working at the time.  A chain of custody accompanied the 
receptors and this was relinquished by the person coming from the field and received by 
the lab technician.  The receptors were then taken out of the cooler from the field and 
placed in the laboratory refrigerator.  Following this the lab technician removed the 
receptors from the refrigerator and prepared them for the washing station.  According to 
standard lab procedures they are taken out of the plastic bag that the set was stored in and 
placed in numerical order based on their lab identification numbers.  Small paper labels 
were prepared for each charcoal receptor with the project name, lab identification 
number, and date.  Each receptor was removed from the individual plastic bags and 
washed thoroughly with tap water to remove organic debris and sediments from the mesh 
bag and charcoal.   The charcoal was washed back and forth with the tap water until it 
appeared that the charcoal was clean.  The charcoal was then washed to one end of the 
mesh bag and the additional empty space in the bag was folded over, leaving an inch of 
space above the charcoal where the paper label was placed and stapled for further 
identification.  The receptor was shaken until the excess moisture was removed and 
placed on a drying rack covered with aluminum foil.  The receptors were all placed on 
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the drying rack in numerical order with even and adequate spacing to make sure that 
cross-contamination did not occur.  The aluminum foil on the drying rack was pressed 
between the bars on the rack so that any additional water from the receptor did not 
migrate to the other receptors.  When all of the receptors had been prepared in this 
fashion the rack full of receptors was placed in the convection oven for drying overnight.   
The next day 0.5 grams of dried charcoal are measured from each receptor.  Small 
lids for the cups were labeled in the same fashion as the paper labels and awaited the 
small plastic cups as the samples were weighed.  When the sample had been removed 
from the mesh bag from a small slit cut with scissors, the bag was closed again by 
stapling across the small opening in the corner.  The samples in the small cups were 
stacked in numerical order and taken to a separate station with a hood vent.  This station 
was where the charcoal samples were eluted with a solution consisting of 5:3:2 
(propanol:deionized water:ammonium hydroxide), often called Smart solution (Smart and 
Laidlow, 1977).  A timer was started simultaneous with the introduction of 5 mL of 
Smart solution into the first sample.  The samples received the Smart solution in equal 
intervals of time so that when thirty minutes has passed since the first sample was eluted, 
the solution was decanted into a vial at the same equal interval of time to ensure that each 
sample was eluted for exactly 30 minutes.  The vials that the solution was poured into 
had a sticker label which contained the same information as the previous labels.  These 
vials were placed in a test tube rack in numerical order and placed in the refrigerator until 
the lab technician was ready to run the samples on the spectrofluorophotometer.   
When the technician was ready to analyze the receptors for fluorescence they 
were placed in a water bath which kept all of the samples at a constant temperature until 
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they were ready to be placed inside the Shimadzu.  Emission and excitation wavelengths 
specific to the dyes which were to be analyzed were tested by the machine as a light was 
passed through the sample.  A curve was produced on the computer screen which could 
be ruled a positive or negative result for a certain dye based on where the peak was in the 
emmission spectrum.  The shape and magnitude of the peak were used to determine the 
concentration of a given dye within the sample.  These concentrations were then recorded 
in a Microsoft excel spreadsheet in parts per million or parts per billion. 
Water samples for dye analysis were obtained by the ISCO automatic water 
samplers.  The carousels from the sampler were brought in from the field and a 10 mL 
sample was removed from each 900 mL sample in the ISCO bottles.  The 10 mL of water 
was removed with a disposable pipette and placed in a 10 mL glass vial.  A screw cap 
was placed on the vial and the vial was sealed inside a plastic bag with the sample site, 
Julian date, and time.  Water samples were collected by two different automatic water 
samplers in the field that were offset to collect samples at equal intervals of time.  When 
the two carousels were distributed into sample vials, the carousels were sampled 
independently and the water samples were collated when they were in the plastic bags 
with labels.  A chain of custody was filled out for each carousel separately and was 
relinquished to the Crawford Hydrology Lab with the water samples in the same fashion 
as was described for the charcoal dye receptors.  These water samples were then stored in 
the refrigerator until the lab technician could run them on the spectrofluorophotometer.  
These samples were treated in the same manner as the eluted charcoal.  The samples 
received the same constant temperature water bath prior to being analyzed for dye 
concentrations.  These concentrations were later put into an excel spreadsheet.   
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2.3.2. IDEXX Colilert 
The IDEX fecal coliform analysis relied on the fact that certain fluorophors 
would fluoresce when combined and incubated with the fecal coliform.  For analysis a 
fluorophor named Coililert 18 was used which incubated with the water sample for 
eighteen hours at 44.5 degrees Celsius before the sample was visually analyzed.  
Samples with a limited volume were diluted in this process with deionized water and the 
alternate volume was recorded on the sample for later calculation of the concentration.   
 
2.3.3. Anions and cations 
Anion concentrations were determined by ion chromatography at the USDA ARS 
laboratory in Bowling Green, Kentucky.  Twenty-five milliliter samples were filtered 
through a 0.2 millimeter pore-size filter and stored in test tubes with identification 
numbers corresponding to the location, Julian date, and time for the samples obtained.  
The samples were then fed into the instrument (ICS 3000, Dionex Corporation) by an 
autosampler.  Results of these tests were reported on excel spreadsheets and passed on by 
USDA staff. 
 Cation concentrations were also determined by ion chromatography at the USDA 
ARS laboratory.  Twenty-five milliliter samples were filtered through a 0.2 millimeter 
pore-size filter and stored in test tubes with identification numbers corresponding to the 
location, Julian date, and time for the samples obtained.  The samples were then fed into 
the instrument (ICS 3000, Dionex Corporation) by an autosampler.  Results of these tests 
were also reported on excel spreadsheets and passed on by USDA staff. 
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2.3.4. Electrical resistivity processing 
Geophysical data from the first trace required modeling using a program called 
EarthImager 2D.  This program accepted the downloaded data from the electrical 
resistivity profiles and used models to invert the collection of datapoints into an image 
which best resembled the underground conditions at the time of the measured profile.  
Many different profiles were gathered at the same location through time in an effort to 
evaluate the progression of the saltwater through the subsurface.  Raw files from the 
instrument have the extension .stg.  These files were opened in the program and a terrain 
file was imported to account for topographical variations along the traverse.  This survey 
information was gathered in the field and elevations for each electrode station were 
placed into a simple text file and the extension was changed to .trn.  Once these two files 
were brought into the workspace, the resistivity data could be inverted by the program 
modeling.  The scale of apparent resistivity values had to be assessed for all of the 
modeled profiles.  After this assessment, a uniform scale of values encompassing all 
profiles was imported to each of the images.  This enabled the comparison of profiles 
with identical color scales.  Each profile was saved in a bitmap image file.  An AVI file 
was created using the time lapse extension of EarthImager 2D.  Each profile’s bitmap 
image was uploaded into one batch file which compiled the images into an AVI file.  
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CHAPTER 3 RESULTS 
 
3.1. Trace One 
3.1.1. Waterfall One dye concentrations 
The first trace began at 11:45 on Julian Day 64, 2008.  Background fluorescein 
dye concentrations were very low in Waterfall One, close to zero ppb.  The first 
breakthrough of dye in the cave was seen at 13:00 with the peak of dye concentrations at 
15:00 (Figure 3.1).  This peak concentration of dye was 1660 ppb.  The main dye curve 
reached a lower value of 47 ppb at 19:00 before a small rise in concentration to 69 ppb at 
21:00.  From this point fluorescein concentrations began to steadily fall until resting at 
values around 10 ppb at 5:00 on Julian day 65. 
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Figure 3.1 Fluorescein concentrations at Waterfall One during trace one 
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3.1.2. Lysimeter dye concentrations 
Background fluorescein concentrations in the 30 cm lysimeter were at 1 ppb 
before the trace.  The first sample after the injection, taken at 17:00, had a concentration 
of 4,780 ppb.  This sample accounted for the peak of the dye concentration with the next 
sample at 20:00 falling to 2,270 ppb.  Each subsequent sample dropped in concentration 
with the exception of the sample taken on Julian day 65 at 14:00 which had a small rise 
in concentration to 1,270 ppb.  After this small rise, a steady decline in concentrations 
occurred with concentrations reaching 540 ppb on Julian day 77. 
Background fluorescein concentrations in the 60 cm lysimeter were at 1.5 ppb 
before the trace.  A peak in fluorescein concentration was seen in the first sample 
following the injection with a value of 3,490 ppb.  The concentrations generally dropped 
in the following samples with only small fluctuations in fluorescein concentrations 
occurring on Julian day 65 at 10:00 and 18:00.  The concentrations reached a low value 
of 270 ppb on Julian day 77. 
Background fluorescein concentrations in the 90 cm lysimeter were at 2.6 ppb 
before the trace.  The peak concentration of fluorescein was again seen in the first sample 
following the injection with a value of 4,120 ppb (Figure 3.2).  This lysimeter, like the 60 
cm lysimeter, had a general drop in concentrations of fluorescein in the subsequent 
samples.  Small fluctuations in the concentrations occured on Julian day 65 at 6:00 and 
18:00.  On Julian day 65 the concentrations reached a low value of 650 ppb. 
 
30 
 
Lysimeter Fluorescein Concentrations 
Julian Decimal Date  
64.6 64.8 65.0 65.2 65.4
Dy
e 
co
n
ce
n
tra
tio
n
 
(pp
b)
0
1000
2000
3000
4000
5000
6000
30cm lysimeter
60cm lysimeter
90cm lysimeter
 
Figure 3.2 Fluorescein concentrations in lysimeters during trace one 
 
3.1.3. Waterfall One conductivity 
Background conductivity measurements at Waterfall One were established at 
approximately 183 µS prior to the trace.  Conductivity measurements of the water 
samples inside the cave first elevated at 13:00 to 536 µS.  The peak conductivity in the 
water samples occurred at 15:00 with a value of 814 µS (Figure 3.3).  The elevated 
conductivity curve lasted for approximately twelve hours, ending at 23:00 with a value 
of 194.9 µS.  The subsequent measurements were slightly above background levels and 
declined at a much slower rate. 
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Figure 3.3 Conductivity at Waterfall One during trace one 
 
3.1.4. Lysimeter conductivity 
Background conductivity measurements in the 30 cm lysimeter were established 
at 166 µS before the trace.  A peak conductivity of 7,090 µS was measured in the first 
sample following the injection on Julian day 64 at 17:00.  The conductivity of the 
following two samples dropped significantly to a low of 2,630 µS on Julian day 64 at 
22:00.  An increase in conductivity to 4,030 µS occured in the next sample on Julian day 
65 at 2:00.  Next the conductivity hovered around 3,500 µS until a slow decline started 
on Julian day 70 and measurements reached another plateau around 2,500 µS where it 
remained until the end of sampling on Julian day 83. 
Background conductivity measurements in the 60 cm lysimeter were established 
at 195 µS before the trace.  A peak in conductivity occurred on Julian day 64 at 17:00 in 
32 
 
the first sample following the injection with a value of 5,250 µS (Figure 3.4).  
Subsequent samples reduced in conductivity with a minor fluctuation on Julian day 65 at 
16:00.  Conductivity reached a low value of 1,852 µS on Julian day 68.  After this 
sample, conductivity measurements slowly increased to 2,650 µS on Julian day 83. 
Background conductivity measurements in the 90 cm lysimeter were established 
at 227 before the trace.  A peak conductivity value of 4,900 µS occurred on Julian day 64 
at 17:00.  The next three samples decreased in conductivity reaching a value of 2,520 µS 
on Julian day 65 at 6:00.  The following sample at 8:00 rose in conductivity to a value of 
3,900 µS.  Conductivity values dropped again until resting at values around 1,800 µS on 
Julian day 83. 
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Figure 3.4 Conductivity in lysimeters during trace one 
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3.1.5. Electrical resistivity 
The conductive salt was first recognized on the resistivity images on Julian day 
64 at 16:00 (Figure3.6).  The resistivity images showed a lower resistance over an area 
measuring approximately 50 meters.  The lower resistance anomaly began to gain 
resistance in the image that followed at 18:00, until the image reached the approximate 
background resistance at 20:00.  Figure 3.5 is an image of the resistivity prior to the 
introduction of the tracers and Figure 3.7 is an image of the resistivity as the resistivity 
values fell back to background levels.  The anomaly in Figure 3.6 was not seen as one 
localized conduit, but was instead represented by a large area within the estimated top, 
weathered portion of bedrock.  The soil/bedrock interface was estimated to be between 
two and three meters below the ground surface.   A void was presumed to be beneath the 
traverse at a 54 meter distance from the beginning of the traverse and was estimated at its 
greatest height to be about 22 meters below the ground surface.   The dimensions of the 
void could not be assumed since the feature extended beyond the depth of the measured 
traverse.   
 
 
Figure 3.5 Electrical resistivity traverse profile at 10:00 on Julian day 64 
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Figure 3.6 Electrical resistivity traverse profile at 16:00 on Julian day 64 
 
 
Figure 3.7 Electrical resistivity traverse profile at 22:00 on Julian day 64 
 
3.2. Trace Two 
3.2.1. Waterfall One dye concentrations 
The second trace began at 12:15 on Julian day 127, 2008.  The first significant 
rise of sulphorhodamine b concentration in Waterfall One occurred at 14:15 on Julian 
day 127 with a concentration of 305 ppb.  The dye concentration in the water samples 
continued to steadily rise until 16:30 where the concentrations reached a peak of 
approximately 27,000 ppb (Figure 3.8).  The dye concentration then began to steadily 
fall to a concentration of 6,093 ppb two hours later.  The dye concentrations then rose to 
a second peak value of 9,359 ppb, 45 minutes later.  The concentrations again declined 
steadily reaching values below 3,000 ppb at 21:15, when the values were still 
consistently dropping but at a lower rate of decline for the rest of the monitoring period.   
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Figure 3.8 Sulphorhodamine b concentrations at Waterfall One  
during the second trace 
 
3.2.2. Lysimeter dye concentrations 
Background levels of sulphorhodamine b in the 30 cm lysimeter were established 
at 0.5 ppb.  A peak in sulphorhodamine b dye concentration was seen in the first sample 
following the injection.  This peak concentration had a value of 81,500 ppb at 1715 on 
Julian day 127.  The values fell in the next three samples to a value of 20,000 ppb at 6:00 
on Julian day 128.  The dye concentrations slowly decreased for the duration of the 
monitoring period with a value of 3,700 ppb on Julian day 143. 
Background levels of sulphorhodamine b in the 60 cm lysimeter were established 
at 0.3 ppb.  A peak concentration of 30,000 ppb occurred on Julian day 127 at 17:15.  
The concentrations of dye in the following samples decreased slowly and this trend 
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continued for the remainder of the monitoring period.  On Julian day 143 the 
concentrations of sulphorhodamine b in the water were 544 ppb. 
Background levels of sulphorhodamine b in the 90 cm lysimeter were established 
at 1 ppb prior to the trace.  The peak of dye concentration in this lysimeter occurred two 
hours after the other lysimeters at 19:15 with a value of 14,500 ppb (Figure 3.9).  The 
dye concentrations quickly retreated to a plateau of between 2,000 to 3,000 ppb.  Minor 
fluctuations in concentration occured during the monitoring period but a low of 912 ppb 
was reached on Julian day 143. 
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Figure 3.9 Sulphorhodamine b concentrations in lysimeters  
during the second trace 
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3.2.3. Waterfall One bacteria concentrations 
Background levels of fecal coliform in Waterfall One prior to the introduction of 
the manure averaged 40 MPN (most probable number of viable cells per 100 mL of 
water).  The first significant increase in fecal coliform counts occurred at 14:15 on Julian 
day 127 when the MPN count jumped to 373.  The MPN counts continued to steadily 
rise to a peak of 2,755 MPN, 45 minutes later (15:00). Fecal coliform reached a second 
peak of 2,481 MPN, 75 minutes after the first peak (16:15).  Another small peak in the 
fecal coliform with an MPN of 1,860 occurred at 17:30. The last significant peak in fecal 
coliform on this day occurred at 20:15 with a value of 612 MPN.  After this, the fecal 
coliform MPN values started to steadily retreat towards background levels.  Another 
peak in fecal coliform was seen on Julian day 135 with values of greater than 2,419 MPN 
at 10:00 and11:00.  The fecal coliform values began to steadily decrease once again and 
remained at background levels for the rest of the monitoring period. 
Background levels of e. coli prior to the injection were around 20 MPN.  The first 
significant rise in these values occurred on Julian day 127 at 14:15 with an MPN count of 
106.  E. coli reached a peak value of 443 MPN an hour later at 15:15 (Figure 3.10).  
After a small decrease in e.coli, a second peak occured at 16:30 with a value of 363 
MPN.  E. coli values then decreased to background levels where they remained until 
another peak occured on Julian day 135.  At 10:00 and 11:00, e. coli MPN values 
reached levels greater than 2,419.  After this peak, the values slowly returned to 
background levels where they remained for the duration of the monitoring period. 
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Figure 3.10 Bacteria concentrations at Waterfall One during the second trace 
 
3.2.4. Lysimeter bacteria concentrations 
The results of bacteria in the lysimeters are a little bit more complicated to 
explain.  Due to small volumes gathered in shorter time frames, dilution of the lysimeter 
samples was necessary during the fecal coliform and e.coli analysis.  Due to these 
dilutions, lower values of MPN were not able to be determined for some samples. When 
only 10 mL of water was available, the lowest detectable number of MPN was 10.  If 
only 1 mL of water was available, the lowest detectable number of MPN was 100.  
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Background levels of fecal coliform in the 30 cm lysimeter were established at 10 
MPN prior to the trace.  The first sample following the injection at 17:15 had an MPN 
value of 200.  The next two samples have values lower than the detectable value (<100 
MPN) since only 1 mL of water was available for analysis.  The sample on Julian day 
128 at 1:00 had an MPN value of 100.  The following three samples had values of less 
than 100.  The next sample on Julian day 128 at 20:30 had an MPN value of 309.  On 
Julian day 129 at 8:45, the MPN value was 98.  The MPN values fell back to background 
levels after this with only a minor fluctuation to 41 MPN on Julian day 138. 
E. coli levels in the 30 cm lysimeter were very similar to the fecal coliform 
results.  Most of the values from the fecal coliform analysis were mirrored in the e. coli 
analysis, but differences were seen during the main peak seen on Julian days 128 and 
129.  The MPN values for these days were 259 and 41. 
Background levels of fecal coliform in the 60 cm lysimeter were established at 
zero MPN.  The first two samples following the injection had values of less than 100 
MPN.  The water sample taken on Julian day 127 at 21:00 had a value of 100 MPN.  The 
three following samples had values of less than 100.  The next sample taken on Julian 
day 128 at 14:45 had a value of 200 MPN. The values then fell to 63 MPN before a 
second smaller peak of 122 MPN on Julian day 129 at 8:45.  The MPN continued to 
decrease the next two days and reached background levels on Julian day 132 where it 
remained for the duration of the monitoring period. 
E. coli levels in the 60 cm lysimeter very closely resembled the results reported 
for fecal coliform in this lysimeter.  Only small differences were seen on Julian days 129 
and 130.  The MPN values for these days were 110 and 33.6, respectively.   
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Back ground levels of fecal coliform in the 90 cm lysimeter were established at 
zero MPN before the trace.  The first seven samples following the injection were 
reported at less than 100 MPN due to the limited sample size available for analysis.  On 
Julian day 128 at 20:30 and the next sample on Julian day 129 at 8:45, the MPN value 
was 31.  The MPN value rose on the following day to 54.6.  On Julian day 131 fecal 
coliform values rose to a peak of 98 MPN.  The MPN value declined the following two 
days but rose to 41 MPN on Julian day 134.  After this, fecal coliform concentrations 
retreated to background values before another small rise on Julian days 144 and 148 with 
values of 41 and 31 MPN at the end of the monitoring period. 
E. coli levels in the 90 cm lysimeter also closely reflected the fecal coliform 
results for this lysimeter.  A small difference was seen on Julian day 130 with a 51.2 
MPN and on Julian day 144 with a value of 10 MPN. 
 
3.2.5. Waterfall One anion and cation concentrations 
Fluoride concentrations at Waterfall One during the monitoring period ranged 
from 0.05 to 0.25 ppm.  While there is a range of values, no pattern between these 
measurements is evident.  The changes in concentration are sporadic and without 
consistency. 
Nitrite concentrations ranged from below the detection limit to 0.5 ppm during 
the monitoring period.  Analysis of many of the water samples resulted in finding that 
nitrite was below detectable levels.  The detected values were seen after the injection of 
the tracer.  No consistent pattern is discernable within the data.   
41 
 
Chloride concentrations in the background samples remained stable at 
approximately 4 ppm.  The first rise in concentrations was seen on Julian day 127 at 
14:15.  The chloride concentrations, seen in Figure 3.11, quickly rose from this point to a 
peak concentration of 100 ppm at 16:45.  The concentrations dropped to a value of 36 
ppm at 18:45 before rising to a second peak of 75 ppm at 19:30 on Julian day 127.  The 
values declined from this point and returned to near background levels at the beginning 
of Julian day 128. 
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Figure 3.11 Chloride concentrations at Waterfall One during the second trace 
 
Nitrate concentrations in the background samples were stable near 25 ppm.  This 
concentration significantly dropped on Julian day 127 at 14:30 to a value of 19 ppm.  
The concentrations continued to steadily drop to a low value of 12.5 ppm at 15:30.  The 
values hovered in this range for an hour before rising again to 20 ppm at 18:30 (Figure 
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3.12).  Another small dip in concentration occured at 19:30 to 16 ppm.  Values then 
retreated towards background levels.  Another drop in concentration occured at the 
beginning of Julian day 128 with values reaching 16 ppm before again slowly retreating 
to background levels. 
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Figure 3.12 Nitrate concentrations at Waterfall One during the second trace 
 
Phosphate concentrations in the background samples were around 0.5 to 0.8 ppm.  
An increase in phosphate occured on Julian day 127 at 14:30 with a concentration of 1 
ppm.  A peak concentration of 1.6 ppm was reached at 16:30 as seen in Figure 3.13.  The 
levels declined from this point to 1 ppm at 18:30 before rising slightly again to 1.25 ppm 
at 19:30.  The levels fell back to background levels after this smaller peak and remained 
there for the duration of the trace.  Fluctuations in the data were also seen between Julian 
day 133 and 137. 
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Figure 3.13 Phosphate concentrations at Waterfall One during the second trace 
 
Sulfate background concentrations were between 7 and 9 ppm.  The first 
significant rise in sulfate was on Julian day 127 at 14:30 with a value of 17 ppm.  Sulfate 
levels continued to rise to a peak concentration of 63 ppm at 16:45 (Figure 3.14).  The 
level then fell to 23 ppm at 18:45 before a small rise in concentration to 31 ppm at 19:30.  
Sulfate concentrations fell again reaching background levels at the beginning of Julian 
day 128. 
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Figure 3.14 Sulfate concentrations at Waterfall One during the second trace 
 
Background sodium concentrations were stable at 1.3 ppm before the trace.  A 
significant rise in sodium to 6.1 ppm occurred on Julian day 127 at 14:30.  Sodium 
concentrations continued to rise to a peak of 33 ppm at16:45 (Figure 3.15).  Values then 
fell to 11 ppm at 18:45 before rising to a second peak of 19 ppm at 19:45.  
Concentrations declined after this and approached background levels by the beginning of 
Julian day 128. 
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Figure 3.15 Sodium concentrations at Waterfall One during the second trace 
 
Potassium background concentrations were established at 1.6 ppm.  A noticeable 
rise in concentration on Julian day 127 at 14:30 was measured at 2 ppm.  Figure 3.16 
shows that potassium concentrations continued to rise from this point to a peak of 3.7 
ppm at 16:45.  The levels then declined to 2.4 ppm at 18:45 before rising to a second, 
smaller peak of 2.9 ppm at 19:45.  Concentrations began to decline again after this point 
and reached near background levels in the beginning of Julian day 128. 
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Figure 3.16 Potassium concentrations at Waterfall One during the second trace 
 
Magnesium background concentrations were established at 6 ppm.  A significant 
rise in concentration to 7.6 ppm occurred on Julian day 127 at 14:30.  Magnesium 
concentrations continued to rise to a peak of 12.5 at 16:15 (Figure 3.17).  Values dropped 
after this to 8 ppm at 18:45 before rising to a second peak of 10 ppm at 19:45.  
Magnesium concentrations decreased after this second peak and reached background 
levels in the beginning of Julian day 128. 
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Figure 3.17 Magnesium concentrations at Waterfall One during the second trace 
 
Calcium background concentrations ranged from 35 to 37 ppm.  A rise to 47 ppm 
occurred on Julian day 127 at 14:30.  Values continued to rise after this to a peak of 75 
ppm at 16:15 (Figure 3.18).  The concentrations then declined to 48 ppm at 18:45 before 
rising to a second peak of 59 ppm at 19:45.  Calcium concentrations dropped after this 
and approached background values in the beginning of Julian day 128.   
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 Figure 3.18 Calcium concentrations at Waterfall One during the second trace
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CHAPTER 4 DISCUSSION 
  
4.1. Trace One 
4.1.1. Waterfall One dye concentrations 
During trace one, concentrations of fluorescein reached a peak three hours and 
fifteen minutes after the beginning of the injection.  Another small peak in fluorescein 
concentrations occurred six hours later and corresponded with a travel time that is 
estimated to originate from the beginning of the flush water injection (Figure 4.1).  The 
travel times of the dye were very rapid considering the injection was done on the ground 
surface on the upper shoulder of a large closed depression, with no local surface 
expression of karst such as soil collapse. 
 
4.1.2. Lysimeter dye concentrations 
 Dye in the lysimeters also showed a very rapid transportation of the fluorescein 
through the soil matrix.  At each depth, the first sample (17:00) following the injection 
had a peak concentration of the dye.   Samples collected with a shorter interval may have 
defined the dye concentration curve with more detail.  Unfortunately, the lysimeters must 
have a greater amount of time between samples to allow for an acceptable volume of 
water accumulation inside.   
 
4.1.3. Waterfall One and lysimeter conductivity 
 Conductivity results in Waterfall One and the lysimeters closely reflect the results 
seen with the fluorescein dye concentrations, reflecting the soluble nature of both tracers. 
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Figure 4.1 Conductivity and fluorescein concentrations at Waterfall One during the first 
trace shown with respect to the rainfall simulation rates 
 
4.1.4. Electrical resistivity 
The images produced by the electrical resistivity traverses offered an interesting 
perspective of the epikarst as the tracers passed below.  The image at 16:00 on Julian day 
64 shows the most change in resistance and is therefore interpreted to be the time at 
which the greatest distribution of the tracer was passing through that profile at or near the 
soil-bedrock interface.  Since the fluorescein peak concentration at Waterfall One was at 
15:00, it is assumed that the highest concentration of dye and sodium chloride may have 
traveled through smaller conduits before a more widespread mobilization happened at 
16:00.  It is hard to say for sure, though because of the limited temporal resolution of the 
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electrical resistivity data.  It takes approximately an hour for one traverse to run with this 
equipment.  Knowing this, it is estimated that a greater area of resistance would have 
been seen in the 14:00 image if the widespread mobilization would have coincided with 
the peak of solutes in Waterfall One.   
 
4.2. Trace Two 
4.2.1. Waterfall One dye concentrations 
 Sulphorhodamine b concentrations at Waterfall One during the second trace 
reached a peak four hours and fifteen minutes after the beginning of the injection.  The 
change in travel time from the first trace is assumed to be due to changes in antecedent 
moisture conditions within the soil and epikarst.  A similar shape is seen in the curve 
compared to the first trace with a second peak corresponding to the flush of water after 
the initial injection.   
 
4.2.2. Lysimeter dye concentrations 
 The dye concentration results of sulphorhodamine b in the lysimeters generally 
followed the same trend as the first trace.  One difference is that the 90 cm lysimeter did 
not indicate a peak in concentration until the second sample at 20:00.  The 60 cm 
lysimeter concentration reached a plateau for the first two samples following the 
injection.  These minor changes in the results are also attributed to an assumed change in 
antecedent moisture conditions within the soil. 
 
4.2.3. Waterfall One bacteria concentrations 
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Bacteria measured at Waterfall One during the second trace gives us insight to the 
nature of a different type of pollutant that is very important when investigating 
agricultural contamination.  The transportation of these suspended particles is different 
from the solutes that are generally used in tracer experiments.  The results at Waterfall 
One hint at the different paths that these particles take when present in the soil and 
epikarst.  The bimodal peak in bacteria after the injection, seen in Figure 4.2, shows that 
the bacteria are taking different paths within the epikarst.  These paths offer different 
rates of transmissivity and therefore arrive at Waterfall One separately.   
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Figure 4.2 Sulphorhodamine b and bacteria concentrations shown with respect to the 
rainfall simulation rates at Waterfall One during the second trace 
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4.2.4. Lysimeter bacteria concentrations 
Bacteria concentrations in the lysimeters offer a lot of information about the 
transport of agricultural contaminants in the soil.  A compromise in the resolution of this 
data was made due to low volumes collected in the lysimeters in short time frames.  This 
was also an issue in the first trace but is unavoidable due to the slow movement of soil 
water.  Despite these restrictions, certain patterns are available for interpretation.  For 
instance, the first sample in the 30 cm lysimeter had a concentration above background 
levels.  A second higher peak was seen on Julian day 128 at 20:30 (Figure 4.3).  These 
two separate peaks are estimated to be due to a macropore network (first peak) and 
regular matrix flow (second peak).  The 60 cm lysimeter had a small peak at 21:00 on 
Julian day 127 and a higher peak on Julian day 128 at 14:45 (Figure 4.4).  This pattern is 
also attributed to a difference between preferential flow paths and matrix flow.  The 90 
cm lysimeter seen in Figure 4.5 had low levels of bacteria until Julian day 131 when a 
peak was finally reached.  This lysimeter is assumed to be less connected to macropore 
networks and dominated by matrix flow. 
 
4.2.5. Waterfall One anion and cation concentrations 
Anion concentrations at Waterfall One often reflect the transportation of the 
sulphorhodamine b.  Fluoride and nitrite concentrations were void of any significant 
patterns and were very sporadic.  Chloride, phosphate, and sulfate closely reflect the 
patterns seen in the dye concentrations, having a major peak and secondary, smaller peak 
which happen at very similar time frames.  Nitrate concentrations are the exception in 
that the peak of concentrations spans a longer time frame than any other parameter.  
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Nitrate was from the cattle manure placed over the injection site.  The peak of nitrate 
values plateaus at the top.   
 Cation concentrations also closely resemble the results from the dye recovery.  
Sodium, potassium, magnesium, and calcium curves are all very similar to the 
concentration of sulphorhodamine b at Waterfall One.   
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Figure 4.3 Sulphorhodamine b and bacteria concentrations at the 30 cm lysimeter during 
the second trace 
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Figure 4.4 Sulphorhodamine b and bacteria concentrations at the 60 cm lysimeter during 
the second trace 
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 Figure 4.5 Sulphorhodamine b and bacteria concentrations at the 90 cm lysimeter 
during the second trace 
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CHAPTER 5 CONCLUSIONS 
 
The two traces conducted at Crumps Cave gave insight to the transport of solutes 
and bacteria, as demonstrated by the introduction of salt, dye, and manure.  The trace on 
Julian day 64, 2008 evaluated the epikarstic zone with the additional aid of a resistivity 
profile.  This unique opportunity of geophysical imaging during the trace allowed 
visualization of the transport process.  The tracing experiments have shown that particle 
transport through the epikarst is rapid when rainfall intensity is very high.  While 6.6 
cm/hr is a relatively high value for rainfall intensity in this region, this is a good starting 
point for understanding how the system will react under high flow conditions.  A storm 
with this type of precipitation rate is estimated to occur every twenty-five years in this 
region according to National Weather Service precipitation frequency data (2009).   
The first trace results show that the solutes, dye and salt, are detected at Waterfall 
One seventy-five minutes after the beginning of the trace.  A peak in these concentrations 
occurs two hours later at 15:00.  The resistivity data collected during the 16:00 hour 
suggests a widespread mobilization of injected salt passing below the resistivity 
electrodes.  Since the main peak of solutes at Waterfall One occurred one hour prior to 
this image, it is assumed that the majority of the sodium chloride mass was transported 
through localized conduits and preferential flow paths while spatial distribution of the 
solutes within the epikarst reached its peak after small conduits and fissures had time to 
fill with the solution.   
The results from the second trace highlighted the preferential flow paths within 
epikarst that bacteria traveled within.  The bacteria traveled through conduits of greater 
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diameter and used different paths characterized by differences in storage and 
transmissivity. The first peak of bacteria occurred ninety minutes ahead of the initial dye 
peak.  While the concentration curve of dye resembles a uniform recovery, the fecal 
coliform curve infers that the bacteria are able to flow through different paths of greater 
transmissivity.          
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APPENDIX A 
 
Data Collected at Waterfall One during the first trace 
 
Julian Decimal  Time of  Fluorescein Conductivity 
Date Collection ppb µS 
64.4583 1100 0.097 183.6 
64.5417 1300 270 536 
64.625 1500 1660 814 
64.7083 1700 760 421 
64.7917 1900 47 252 
64.875 2100 68.7 221 
64.9583 2300 44.4 194.9 
65.0417 100 19.4 190 
65.125 300 15 188.8 
65.2083 500 11 186.7 
65.2917 700 8.2 187.1 
65.375 900 9.6 187.3 
65.4583 1100 10.2 187 
65.5 1200 7.3 187.6 
65.5417 1300 10.2 186.3 
65.5833 1400 13.7 187.3 
65.625 1500 12.6 187 
65.6667 1600 11.9 186.8 
65.7083 1700 5.8 187.1 
65.75 1800 6.4 187.3 
65.7917 1900 8.9 187 
65.8333 2000 9.5 187.8 
65.875 2100 10.1 187 
65.9167 2200 10.4 187.5 
65.9583 2300 8.1 187.4 
66 0 4.8 187 
66.0417 100 5.1 187.3 
66.0833 200 5.9 188.6 
66.125 300 6.5 187.6 
66.1667 400 7.8 189 
66.2083 500 6.1 190.4 
66.25 600 5.9 188.2 
66.2917 700 6.7 187.6 
62 
 
Julian Decimal  Time of  Fluorescein Conductivity 
Date Collection ppb µS 
66.3333 800 6.9 187.4 
66.375 900 6.2 184 
66.4583 1100 2.1 180.9 
66.5 1200 2.1 182.5 
66.5417 1300 2.4 182.4 
66.5833 1400 2.2 182.3 
66.625 1500 1.7 182.9 
66.6667 1600 1.9 182.1 
66.7083 1700 2 182.6 
66.75 1800 1.9 181.8 
66.7917 1900 1.8 182.4 
66.8333 2000 2 183 
66.875 2100 1.8 182.1 
66.9167 2200 1.9 221 
66.9583 2300 2 182.4 
67 0 1.9 182.2 
67.0417 100 1.9 182.4 
67.0833 200 1.8 183.1 
67.125 300 1.9 182.7 
67.1667 400 1.8 182.9 
67.2083 500  182.8 
67.25 600 1.7 182.6 
67.2917 700 1.9 182.5 
67.3333 800 1.8 183.2 
67.375 900 1.8 182.8 
67.4167 1000 1.9 181.2 
67.5 1200 1.8 181.7 
67.6667 1600 1.6 179.4 
67.75 1800 1.6 180.9 
67.8333 2000 1.8 180.1 
67.9167 2200 1.8 181.1 
68 0 1.7 181.9 
68.25 600 1.4 184 
68.3333 800 1.6 185.6 
68.4167 1000 2.1 186.2 
68.625 1500 2.1 189.9 
69.125 300 1.9 182.8 
69.625 1500 1.6 183.1 
70.125 300 1.4 182.5 
70.625 1500 1.3 181.9 
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APPENDIX B 
 
Data collected at the 30 cm lysimeter during the first trace 
 
Julian Decimal  Time of  Fluorescein Conductivity 
Date Collection ppb µS 
64.475 1140 1 166.1 
64.7083 1700 4780 7090 
64.8333 2000 2270 3680 
64.9167 2200 1650 2630 
65.0833 200 1360 4030 
65.25 600   
65.3333 800   
65.4167 1000 1070 3510 
65.5 1200  3660 
65.5833 1400 1270 3960 
65.6667 1600  3010 
65.75 1800 980 3670 
66.475 1140  3850 
68.5958 1430  3280 
70.4292 1030  2850 
77.3838 921 540 2550 
79.4208 1010  2490 
83.3979 955  2580 
 
 
 
 
 
 
 
 
 
 
 64 
APPENDIX C 
 
Data collected at the 60 cm lysimeter during the first trace 
 
Julian Decimal  Time of  Fluorescein Conductivity 
Date Collection ppb µS 
64.475 1140 1.5 194.9 
64.7083 1700 3490 5250 
64.8333 2000 1470 3180 
64.9167 2200 1020 2920 
65.0833 200   
65.25 600 770 2710 
65.3333 800  2500 
65.4167 1000 830 2480 
65.5 1200  2380 
65.5833 1400 530 1884 
65.6667 1600  2260 
65.75 1800 580 2280 
66.475 1140  2280 
68.5958 1430  1852 
70.4292 1030  2100 
77.3838 921 270 2140 
79.4208 1010  2450 
83.3979 955  2650 
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APPENDIX D 
 
Data collected at the 90 cm lysimeter during the first trace 
 
Julian Decimal  Time of  Fluorescein Conductivity 
Date Collection ppb µS 
64.475 1140 2.6 227 
64.7083 1700 4120 4900 
64.8333 2000 1930 2860 
64.9167 2200 1200 2710 
65.0833 200   
65.25 600 1480 2520 
65.3333 800  3900 
65.4167 1000 1330 2560 
65.5 1200  2640 
65.5833 1400 1000 2610 
65.6667 1600  2560 
65.75 1800 1290 2650 
66.475 1140  2580 
68.5958 1430  2150 
70.4292 1030  1809 
77.3838 921 650 1667 
79.4208 1010  1849 
83.3979 955  1840 
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APPENDIX E 
 
Electrical resistivity profiles during the first trace 
 
Resistivity profile at 10:00 on Julian day 64  
 
Resistivity profile at 12:00 on Julian day 64  
 
Resistivity profile at 14:00 on Julian day 64  
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Resistivity profile at 16:00 on Julian day 64  
 
Resistivity profile at 18:00 on Julian day 64  
 
Resistivity profile at 20:00 on Julian day 64  
 
Resistivity profile at 22:00 on Julian day 64  
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Resistivity profile at 2:00 on Julian day 65  
 
Resistivity profile at 4:00 on Julian day 65  
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APPENDIX F 
 
Date collected at Waterfall One during the second trace 
 
Julian Decimal  Time of  Sulphorhodamine B Fecal Coliform E. Coli 
Date Collection ppb MPN MPN 
126.4583 11:00:00  9.8 <1 
126.5 12:00:00  18.9 <1 
126.5417 13:00:00  21.8 <1 
126.5833 14:00:00  14.8 1 
126.625 15:00:00  20.1 <1 
126.6667 16:00:00  17.5 1 
126.7083 17:00:00  8.5 <1 
126.75 18:00:00  12.1 1 
126.7917 19:00:00  8.4 1 
126.8333 20:00:00  9.8 3.1 
126.875 21:00:00  13.5 <1 
126.9167 22:00:00  10.9 <1 
126.9583 23:00:00  7.5 <1 
127 0:00:00  12.1 <1 
127.0417 1:00:00  7.3 2 
127.0833 2:00:00  12 1 
127.125 3:00:00  6.3 1 
127.1667 4:00:00  17.1 3 
127.2083 5:00:00  6.3  
127.25 6:00:00  12.1 3 
127.2917 7:00:00  9.8 3.1 
127.3333 8:00:00  6.3 2 
127.3646 8:45:00  77.1 18.3 
127.375 9:00:00 0.014 81.3 17.3 
127.3854 9:15:00  67.7 16 
127.3958 9:30:00  77.6 34.1 
127.4063 9:45:00  37.3 41.4 
127.4167 10:00:00 0.012 77.1 77.1 
127.4271 10:15:00  55.4 19.3 
127.4375 10:30:00 0.017 42 15.8 
127.4479 10:45:00  53 20.1 
127.4583 11:00:00 0.021 33.6 33.6 
127.4688 11:15:00  65.7 12.2 
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Julian Decimal  Time of  Sulphorhodamine B Fecal Coliform E. Coli 
Date Collection ppb MPN MPN 
127.4792 11:30:00 0.021 44.3 12 
127.4896 11:45:00  58.6 21.8 
127.5 12:00:00 0.012 58.1 19.7 
127.5104 12:15:00  45.7 14.5 
127.5208 12:30:00 0.014 56.5 20.1 
127.5313 12:45:00  44.1 12.2 
127.5417 13:00:00  36.8 11.9 
127.5521 13:15:00  52.9 12 
127.5625 13:30:00 0.017 37.3 9.6 
127.5729 13:45:00  54.8 24.9 
127.5833 14:00:00 0.427 45.7 45.7 
127.5938 14:15:00 304.6 373 106 
127.6042 14:30:00 3462.7 1112 246 
127.6146 14:45:00 7160 2382 296 
127.625 15:00:00 11351 2755 391 
127.6354 15:15:00 14878 2755 443 
127.6458 15:30:00 18550 2481 247 
127.6563 15:45:00 22221 1722 269 
127.6667 16:00:00 22727 1789 206 
127.6771 16:15:00 25417 2481 247 
127.6875 16:30:00 27127 2382 363 
127.6979 16:45:00 25866 1785 214 
127.7083 17:00:00 26027 1842 169 
127.7188 17:15:00 24976 1553 132 
127.7292 17:30:00 18197 1860 230 
127.7396 17:45:00 14446 1119 179 
127.75 18:00:00 11202 884 107 
127.7604 18:15:00 8383 576 51 
127.7708 18:30:00 6093 637 73 
127.7813 18:45:00 6543 426 52 
127.7917 19:00:00 8311   
127.8021 19:15:00 9359   
127.8125 19:30:00 8152   
127.8229 19:45:00 7542   
127.8333 20:00:00 5842   
127.8438 20:15:00 4348 612 720 
127.8542 20:30:00 4104 433 526 
127.8646 20:45:00 3638.7 609 300 
127.875 21:00:00 3279.5 241 281 
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Julian Decimal  Time of  Sulphorhodamine B Fecal Coliform E. Coli 
Date Collection ppb MPN MPN 
127.8854 21:15:00 2833.7 275 341 
127.8958 21:30:00 2455.1 272 169 
127.9063 21:45:00 2151.9 288 181 
127.9167 22:00:00 2017.9 243 121 
127.9271 22:15:00 1731.7 195 72 
127.9375 22:30:00 1626.3 109 166 
127.9479 22:45:00 1617.8 185 96 
127.9583 23:00:00 1468.4 179 116 
127.9688 23:15:00 1363.4 121 97 
127.9792 23:30:00 1269.8 156 108 
127.9896 23:45:00 1239.6 108 98 
128 0:00:00 1163.4   
128.0104 0:15:00 1065.3 72 96 
128.0208 0:30:00 1136.2 195 223 
128.0313 0:45:00 1042.7 131 96 
128.0417 1:00:00 996.2 168 209 
128.0521 1:15:00 936.3 97 96 
128.0625 1:30:00 889.6   
128.0729 1:45:00 855.5 119 95 
128.0833 2:00:00 755.9 63 85 
128.0938 2:15:00 730.5 63 84 
128.1042 2:30:00 740.9 132 134 
128.1146 2:45:00 658.2 97 96 
128.125 3:00:00 698.5 84 144 
128.1354 3:15:00 724.6 75 73 
128.1458 3:30:00 670.2 74 121 
128.1563 3:45:00 614.4 52 85 
128.1667 4:00:00 529.5 84 94 
128.1771 4:15:00 616.1 96 52 
128.1875 4:30:00 552.5 119 118 
128.1979 4:45:00 552.4 96 41 
128.2083 5:00:00 495.8 218 189 
128.2188 5:15:00 526.6 97 84 
128.2292 5:30:00 510.4 134 97 
128.2396 5:45:00  84 168 
128.25 6:00:00 417.8 110 148 
128.2604 6:15:00 488.6 74 63 
128.2708 6:30:00 488.7 144 168 
128.2813 6:45:00 456.9 155 109 
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Julian Decimal  Time of  Sulphorhodamine B Fecal Coliform E. Coli 
Date Collection ppb MPN MPN 
128.2917 7:00:00 446.9 142 132 
128.3021 7:15:00 416.1 85 121 
128.3125 7:30:00 423.6 169 131 
128.3229 7:45:00 468.2 75 75 
128.3333 8:00:00 400.6 435.2 328.2 
128.3542 8:30:00 259.7 137.6 161.6 
128.375 9:00:00 324 160.7 186 
128.3958 9:30:00 167.4 139.6 118.2 
128.4167 10:00:00 367.5 129.1 156.5 
128.4375 10:30:00 189.1 172.2 156.5 
128.4583 11:00:00 261.2 137.6 167.4 
128.5 12:00:00 305.6 127.4 133.4 
128.5208 12:30:00 148.7 111.2 101.7 
128.5417 13:00:00 176.3 201.4 163.1 
128.5625 13:30:00 151.8 137.4 101 
128.5833 14:00:00 287.1 161.6 161.6 
128.6042 14:30:00 159.1 93.4 36.8 
128.625 15:00:00 233.9 145 133.3 
128.6458 15:30:00 167.8 107.1 88.8 
128.6667 16:00:00 262.4 101.2 78.4 
128.6875 16:30:00 160.4 129.6 85.5 
128.7083 17:00:00 213.2 83.9 72.8 
128.7292 17:30:00 121.9 71.7 68.3 
128.75 18:00:00 187.4 95.9 103.9 
128.7708 18:30:00 130.8 65.1 57.1 
128.7917 19:00:00 223.6 104.3 73.8 
128.8125 19:30:00 180.9 61.6 73.8 
128.8333 20:00:00 213.3 95.9 80.5 
128.8542 20:30:00 105.3 62.7 51.2 
128.875 21:00:00 187.3 125.9 79.8 
128.8958 21:30:00 136.4 91 64.5 
128.9167 22:00:00 184 109 80.8 
128.9375 22:30:00 115.8 85.7 46.4 
128.9583 23:00:00 165.3 144.5 86.9 
128.9792 23:30:00 121.4 65 30.1 
129 0:00:00 156.5 129.6 80.1 
129.0208 0:30:00 376.1 224.7 172.5 
129.0417 1:00:00 156.8 84.5 64.4 
129.0625 1:30:00 349.9 209.8 150 
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Julian Decimal  Time of  Sulphorhodamine B Fecal Coliform E. Coli 
Date Collection ppb MPN MPN 
129.0833 2:00:00 143.4 156.5 139.6 
129.1042 2:30:00 294.1 26.9 45.2 
129.125 3:00:00 158.3 26.9 19.7 
129.1458 3:30:00 290.2 45.7 31.1 
129.1667 4:00:00 144.5 16.8 20.9 
129.1875 4:30:00 267.3 17 31.2 
129.2083 5:00:00 159.5 21.3 23.8 
129.2292 5:30:00 244 15.8 20.6 
129.25 6:00:00 269.6 29.5 18.3 
129.2708 6:30:00 132.6 22.1 23.9 
129.2917 7:00:00 138.3 19.7 19.3 
129.3125 7:30:00 299.2 27.2 41.1 
     
     
130.3333 8:00:00 103.1 108.6 58.1 
130.375 9:00:00 83.6 135.4 95.9 
130.4167 10:00:00 86.6 118.7 78.9 
130.4583 11:00:00 87.8 178.9 178.9 
130.5 12:00:00 84.7 131.4 104.6 
130.5417 13:00:00 85.3 85.7 83.9 
130.5833 14:00:00 81.7 108.1 81.6 
130.625 15:00:00 82.3 118.7 98.8 
130.6667 16:00:00 77.9 98.7 77.6 
130.7083 17:00:00 79.4 104.6 80.1 
130.75 18:00:00 67.6 131.4 99 
130.7917 19:00:00 76 88 52 
130.8333 20:00:00 72.1 108.6 81.3 
130.875 21:00:00 75 101.9 88.2 
130.9167 22:00:00 71.9 67 76.2 
130.9583 23:00:00 66 85.7 73.8 
131 0:00:00 68.4 90.5 74.4 
131.0417 1:00:00 68.2 78.5 67 
131.0833 2:00:00 65.2 98.7 88.6 
131.125 3:00:00 63.9 83.6 65.7 
131.1667 4:00:00 63.7 96 77.6 
131.2083 5:00:00 60.6 72.7 64.4 
131.25 6:00:00 62.3 88 74.9 
131.2917 7:00:00 62.3 81.3 61.3 
131.3333 8:00:00 62.1 48 65 
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Julian Decimal  Time of  Sulphorhodamine B Fecal Coliform E. Coli 
Date Collection ppb MPN MPN 
131.375 9:00:00 62.5 49.5 50.4 
131.4167 10:00:00 60.4 30.9 42.6 
131.4583 11:00:00 61.6 49.6 46.4 
131.5 12:00:00 53.7 68.3 53.8 
131.5417 13:00:00 64.4 44.1 46.4 
131.5833 14:00:00 52.5 53.8 56.5 
131.625 15:00:00 2.646 45 55.6 
131.6667 16:00:00 57 50.4 42 
131.7083 17:00:00 52.8 39.9 29.2 
131.75 18:00:00 54.1 26.6 29.2 
131.7917 19:00:00 50.8 50.4 38.4 
131.8333 20:00:00 51 40.8 29.2 
131.875 21:00:00 51.8 49.6 49.6 
131.9167 22:00:00 48.2 47.9 40.4 
131.9583 23:00:00 50.9 50.4 36.9 
132 0:00:00 47.7 70.6 53.8 
132.0417 1:00:00 47.5 52.1 42.6 
132.0833 2:00:00 47.8 178.9 165.8 
132.125 3:00:00 49.9 79.4 48 
132.1667 4:00:00 0.3 60.2 38.9 
132.2083 5:00:00 41 64.4 53.8 
132.25 6:00:00 40.6 76.2 67 
132.2917 7:00:00 44 88 72.7 
132.3333 8:00:00 44.6 65.7 43.2 
132.375 9:00:00 46.4 95.9 101.7 
132.4167 10:00:00 43.6 81.3 48 
132.4583 11:00:00 42.2 66.3 56.5 
132.5 12:00:00 38 185 185 
132.5417 13:00:00 38.5 77.6 65 
132.5833 14:00:00 38.4 78.9 59.4 
132.625 15:00:00 36.9 44.3 33.2 
132.6667 16:00:00 34.8 228.2 260.3 
132.7083 17:00:00 38.762 105 77.6 
132.75 18:00:00 37.032 63.1 58.1 
132.7917 19:00:00 34.696 70.3 70.8 
132.8333 20:00:00 32.324 76.7 42.6 
132.875 21:00:00 31.637 33.1 21.3 
132.9167 22:00:00 31.881 35.9 31.8 
132.9583 23:00:00 31.335 45.7 35.9 
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Julian Decimal  Time of  Sulphorhodamine B Fecal Coliform E. Coli 
Date Collection ppb MPN MPN 
133 0:00:00 30.88 137.6 155.3 
133.0417 1:00:00 30.187 42 27.2 
133.0833 2:00:00 31.365 32.3 34.5 
133.125 3:00:00 31.216 28.8 32.3 
133.1667 4:00:00 31.21 26.6 27.8 
133.2083 5:00:00 30.559 14.5 17.1 
133.25 6:00:00 30.957 55.6 28.5 
133.2917 7:00:00 30.69 37.3 33.2 
133.3333 8:00:00 31.877 28.2 16.1 
133.375 9:00:00 31.867 34.5 20.3 
133.4167 10:00:00 31.063 51.2 30.9 
133.4583 11:00:00 30.926 42 24.1 
133.5 12:00:00 30.664 98.7 64.5 
133.5417 13:00:00 31.3 69.7 26.9 
133.5833 14:00:00 31.579 57.3 36.4 
133.625 15:00:00 31.943 34.5 14.8 
133.6667 16:00:00 31.07 52.9 40.4 
133.7083 17:00:00 30.291 387.3 387.3 
133.75 18:00:00 30.253 88.4 77.6 
133.7917 19:00:00 29.892 59.8 40.2 
133.8333 20:00:00 29.585 47.1 38.9 
133.875 21:00:00 28.984 21.3 12.1 
133.9167 22:00:00 29 30.9 24.6 
133.9583 23:00:00 27.578 48.8 34.5 
134 0:00:00 29.837 31.8 19.5 
134.0417 1:00:00 0.539 41.4 27.2 
134.0833 2:00:00 31.413 30.5 21.6 
134.125 3:00:00 32.535 16 16 
134.1667 4:00:00 31.267 27.5 24.3 
134.2083 5:00:00 8.00E-03 22.3 16.9 
134.25 6:00:00 29.942 26.5 18.7 
134.2917 7:00:00 29.905 40.2 28.5 
134.3333 8:00:00 27.903 26.2 16 
134.375 9:00:00 29.728 30.9 20.1 
134.4167 10:00:00 27.907 21.3 16.8 
134.4583 11:00:00 27.402 37.9 27.2 
134.5 12:00:00 26.588 24.3 20.1 
134.5417 13:00:00 26.272 49.6 39.3 
134.5833 14:00:00 25.129 39.9 27.5 
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Julian Decimal  Time of  Sulphorhodamine B Fecal Coliform E. Coli 
Date Collection ppb MPN MPN 
134.625 15:00:00 25.13 22.8 16 
134.6667 16:00:00 25.499 35 18.7 
134.7083 17:00:00 23.724 27.9 17.3 
134.75 18:00:00 23.681 34.1 30.9 
134.7917 19:00:00 23.17 16.1 13.4 
134.8333 20:00:00 22.699 18.7 16 
134.875 21:00:00 22.61 156.5 81.6 
134.9167 22:00:00 22.001 32.7 19.9 
134.9583 23:00:00 34.274 36.9 21.3 
135 0:00:00  18.3 15.6 
135.0417 1:00:00 21.734 40.4 28.2 
135.0833 2:00:00 21.741 26.2 23.1 
135.125 3:00:00 21.045 75.9 35 
135.1667 4:00:00 25.578 37.7 10.8 
135.2083 5:00:00 18.698 32.7 14.6 
135.25 6:00:00 20.896 40.4 35 
135.2917 7:00:00 20.848 32.7 21.8 
135.375 9:00:00 17.307 1732.9 727 
135.4167 10:00:00 4.926 2419.6 2419.6 
135.4583 11:00:00 13.784 2419.6 2419.6 
135.5 12:00:00 13.634 1553.1 1553.1 
135.5417 13:00:00 15.346 980.4 980.4 
135.5833 14:00:00 15.134 920.8 920.8 
135.625 15:00:00 15.004 727 648.8 
135.6667 16:00:00 16.402 410.6 410.6 
135.7083 17:00:00 15.705 579.4 547.5 
135.75 18:00:00 14.536 344.8 325.5 
135.7917 19:00:00 15.897 261.3 261.3 
135.8333 20:00:00 15.247 307.6 290.9 
135.875 21:00:00 14.613 224.7 172.2 
135.9167 22:00:00 16.863 172.3 172.3 
135.9583 23:00:00 15.695 209.8 209.8 
136 0:00:00 16.395 186 214.3 
136.0417 1:00:00 15.821 172.5 157.6 
136.0833 2:00:00 15.855 131.4 131.4 
136.125 3:00:00 13.89 159.7 145 
136.1667 4:00:00 16.927 204.6 172.2 
136.2083 5:00:00 14.383 231 196.8 
136.25 6:00:00 15.082 290.9 201.4 
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Julian Decimal  Time of  Sulphorhodamine B Fecal Coliform E. Coli 
Date Collection ppb MPN MPN 
136.2917 7:00:00 14.821 209.8 193.5 
136.375 9:00:00 14.781 121 112.6 
136.4583 11:00:00 14.944 93.3 83.9 
136.5417 13:00:00 14.632 101.2 98.4 
136.625 15:00:00 15.409 85.7 81.3 
136.7083 17:00:00 14.285 78.9 73.3 
136.7917 19:00:00 14.92 114.5 98.7 
136.875 21:00:00 14.903 67.7 50.4 
136.9583 23:00:00 14.584 78.9 72.7 
137.0417 1:00:00 12.277 74.4 70.6 
137.125 3:00:00 12.689 76.7 67 
137.2083 5:00:00 12.595 55.7 47.9 
137.2917 7:00:00 12.565 63.8 62 
137.375 9:00:00 12.665 37.3 35.5 
137.4583 11:00:00 11.896 63.7 57.6 
137.5417 13:00:00 12.306 75.9 67 
137.625 15:00:00 12.646 51.2 38.9 
137.7083 17:00:00 12.491 79.4 71.7 
137.7917 19:00:00 13.164 50.4 42.8 
137.875 21:00:00 13.596 48.8 38.8 
137.9583 23:00:00 13.649 81.6 77.1 
138.0417 1:00:00 13.438 44.8 35 
138.125 3:00:00 14.113 52.9 41.4 
138.2083 5:00:00 14.233 90.8 79.4 
138.2917 7:00:00 13.649 39.3 37.3 
138.375 9:00:00 14.309 59.4 52.1 
138.9583 23:00:00 10.098 56.3 52 
139.125 3:00:00 11.995 25.3 22.6 
139.2917 7:00:00 11.912 69.7 52.9 
139.4583 11:00:00 11.36 108.1 95.9 
139.625 15:00:00 10.373 49.5 47.1 
139.7917 19:00:00 11.239 34.5 34.1 
139.9583 23:00:00 10.544 23.3 24.6 
140.125 3:00:00 10.281 30.1 27.2 
140.2917 7:00:00 9.99 24.1 22.3 
140.4583 11:00:00 10.126 35 31.5 
140.7917 19:00:00 9.57 24.6 23.1 
141.125 3:00:00 12.107 54.6 52.9 
141.2917 7:00:00 10.176 60.5 56.8 
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Julian Decimal  Time of  Sulphorhodamine B Fecal Coliform E. Coli 
Date Collection ppb MPN MPN 
141.4583 11:00:00 8.847 30.5 30.5 
141.625 15:00:00 9.07 50.4 48 
141.7917 19:00:00 11.109 63.7 55.7 
141.9583 23:00:00 8.36 34.1 30.5 
142.125 3:00:00 9.208 37.4 33.6 
142.2917 7:00:00 9.074 53.7 51.2 
142.4583 11:00:00 8.784 54.8 47.1 
142.625 15:00:00 8.224 141.4 141.4 
142.7917 19:00:00 8.179 31.3 26.2 
142.9583 23:00:00 8.058 29.2 29.2 
143.125 3:00:00 10.29 51.2 49.5 
143.2917 7:00:00 8.458 95.9 95.9 
143.4583 11:00:00 8.4 118.7 13.1 
143.625 15:00:00 9.186 62.4 16.1 
143.7917 19:00:00 9.505 75.4 16.9 
143.9583 23:00:00 8.433 78.5 13.5 
144.125 3:00:00 8.676 47.1 13.4 
144.2917 7:00:00 8.04 29.9 4.1 
144.4583 11:00:00 6.445   
144.625 15:00:00 7.149   
144.7917 19:00:00 6.503   
144.9583 23:00:00 7.061   
145.125 3:00:00 6.544   
145.2917 7:00:00 6.699   
145.4583 11:00:00 5.544   
145.625 15:00:00 6.254   
145.7917 19:00:00 6.428   
145.9583 23:00:00 6.418   
146.125 3:00:00 5.335   
146.2917 7:00:00 6.188   
146.4583 11:00:00 6.052   
146.625 15:00:00 6.131   
146.9583 23:00:00 6.26   
147.2917 7:00:00 6.174   
147.625 15:00:00 7.485   
147.9583 23:00:00 11.834   
148.2917 7:00:00 12.602   
148.4583 11:00:00 12.779   
148.625 15:00:00 13.15   
79 
 
Julian Decimal  Time of  Sulphorhodamine B Fecal Coliform E. Coli 
Date Collection ppb MPN MPN 
148.7917 19:00:00 12.3   
148.9583 23:00:00 10.525   
149.125 3:00:00 10.458   
149.2917 7:00:00 10.19   
149.4583 11:00:00 7.401   
149.625 15:00:00 7.596   
149.7917 19:00:00 7.629   
149.9583 23:00:00 7.647   
150.125 3:00:00 7.46   
150.2917 7:00:00 6.799   
150.4583 11:00:00 6.596   
150.625 15:00:00 6.439   
150.7917 19:00:00 6.26   
150.9583 23:00:00 6.108   
151.125 3:00:00 5.979   
151.2917 7:00:00 5.928   
151.4583 11:00:00 6.027   
151.7917 19:00:00 5.737   
152.125 3:00:00 5.685   
152.4583 11:00:00 5.104   
152.7917 19:00:00 4.894   
153.125 3:00:00 4.78   
153.4583 11:00:00 4.704   
153.7917 19:00:00 4.632   
154.125 3:00:00 4.501   
154.4583 11:00:00 4.438   
154.7917 19:00:00 4.36   
155.125 3:00:00 4.368   
 
 
Julian Decimal  Time of  Flouride Chloride Nitrite Nitrate Phosphate Sulfate 
Date Collection ppm ppm ppm ppm ppm ppm 
126.4583 11:00:00 0.0944 3.9028 n.a. 22.1942 0.6293 7.8658 
126.5 12:00:00       
126.5417 13:00:00 0.0858 3.6556 n.a. 21.1522 n.a. 7.1725 
126.5833 14:00:00       
126.625 15:00:00 0.0883 3.684 n.a. 21.1299 n.a. 7.1661 
126.6667 16:00:00       
80 
 
Julian Decimal  Time of  Flouride Chloride Nitrite Nitrate Phosphate Sulfate 
Date Collection ppm ppm ppm ppm ppm ppm 
126.7083 17:00:00 0.0856 3.7372 n.a. 21.4374 n.a. 7.2528 
126.75 18:00:00       
126.7917 19:00:00       
126.8333 20:00:00 0.0883 3.8162 n.a. 21.9345 n.a. 7.4518 
126.875 21:00:00       
126.9167 22:00:00       
126.9583 23:00:00 0.0843 3.6583 n.a. 21.242 n.a. 6.845 
127 0:00:00       
127.0417 1:00:00 0.1098 4.2028 n.a. 24.2145 0.5288 8.6344 
127.0833 2:00:00       
127.125 3:00:00 0.0912 3.9213 n.a. 22.9512 n.a. 7.8389 
127.1667 4:00:00       
127.2083 5:00:00 0.092 3.996 n.a. 23.3738 0.4741 8.3354 
127.25 6:00:00       
127.2917 7:00:00       
127.3333 8:00:00 0.0899 3.7534 n.a. 21.6046 n.a. 7.3168 
127.3646 8:45:00 0.1017 4.2531 n.a. 24.8723 n.a. 8.3668 
127.375 9:00:00 0.0814 4.2158 n.a. 22.9896 0.4739 8.3799 
127.3854 9:15:00 0.0984 4.064 n.a. 23.8913 n.a. 8.053 
127.3958 9:30:00       
127.4063 9:45:00 0.0965 4.0884 n.a. 23.982 n.a. 8.3518 
127.4167 10:00:00 0.0943 4.0449 n.a. 23.472 0.4471 8.3826 
127.4271 10:15:00 0.1006 4.2218 n.a. 25.0285 0.5124 8.8455 
127.4375 10:30:00 0.0951 4.0488 n.a. 23.8469 n.a. 8.082 
127.4479 10:45:00 0.0992 4.078 n.a. 24.2015 0.5411 8.593 
127.4583 11:00:00 0.1032 4.3091 n.a. 25.5239 0.6214 9.1191 
127.4688 11:15:00 0.0994 4.1308 n.a. 23.9689 0.4612 8.533 
127.4792 11:30:00 0.0965 4.51 n.a. 25.6796 n.a. 9.1376 
127.4896 11:45:00 0.1144 4.1696 n.a. 24.718 n.a. 8.3088 
127.5 12:00:00 0.1009 4.1561 n.a. 24.6516 n.a. 8.3766 
127.5104 12:15:00 0.0977 4.04 n.a. 24.0103 n.a. 8.075 
127.5208 12:30:00 0.1354 4.2425 n.a. 24.7947 n.a. 8.7943 
127.5313 12:45:00 0.1319 4.4294 n.a. 26.206 n.a. 9.2273 
127.5417 13:00:00 0.1006 4.3318 n.a. 24.2797 0.4496 8.6067 
127.5521 13:15:00 0.1004 4.2571 n.a. 25.1622 0.4918 8.7614 
127.5625 13:30:00 0.0969 4.342 n.a. 27.2124 n.a. 9.0577 
127.5729 13:45:00 0.1284 4.3332 n.a. 25.4789 n.a. 8.9712 
127.5833 14:00:00 0.0976 4.2553 n.a. 24.6971 0.6912 8.9742 
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Julian Decimal  Time of  Flouride Chloride Nitrite Nitrate Phosphate Sulfate 
Date Collection ppm ppm ppm ppm ppm ppm 
127.5938 14:15:00 0.0974 6.7283 n.a. 23.1105 0.4936 9.5062 
127.6042 14:30:00 0.0999 24.5674 0.4506 18.8273 0.9747 16.8893 
127.6146 14:45:00 0.0849 44.433 0.3768 17.1876 1.1426 24.8908 
127.625 15:00:00 n.a. n.a. n.a. n.a. n.a. n.a. 
127.6354 15:15:00 0.1676 78.6527 n.a. 14.3578 n.a. 42.9911 
127.6458 15:30:00 0.1087 84.1838 n.a. 12.5527 1.5044 48.4541 
127.6563 15:45:00 0.0935 88.1378 n.a. 13.6017 n.a. 51.5067 
127.6667 16:00:00 0.1036 91.2513 n.a. 12.8331 1.5318 56.0438 
127.6771 16:15:00 0.036 95.0685 0.4174 14.47 n.a. 58.3142 
127.6875 16:30:00 0.1038 98.8143 n.a. 12.5606 1.6295 62.3353 
127.6979 16:45:00 0.1143 100.6503 n.a. 13.689 1.5701 63.4897 
127.7083 17:00:00 0.1088 98.1088 n.a. 13.7709 1.488 63.4977 
127.7188 17:15:00 0.106 90.3074 0.392 14.5935 1.4901 59.1511 
127.7292 17:30:00 0.1028 72.1366 0.447 15.7008 1.2915 48.0937 
127.7396 17:45:00 0.1047 59.5415 0.3995 18.0828 1.2544 39.7059 
127.75 18:00:00 0.1021 49.2155 0.4015 18.8693 1.0407 32.1764 
127.7604 18:15:00       
127.7708 18:30:00 0.1172 43.1421 0.3854 20.2344 0.9979 27.7568 
127.7813 18:45:00 0.1007 36.186 0.3756 20.8799 0.9913 23.3806 
127.7917 19:00:00 0.106 44.5938 0.4333 20.6412 1.1126 25.2567 
127.8021 19:15:00 0.1042 68.0348 0.4173 17.1826 1.1565 29.4775 
127.8125 19:30:00 0.1026 75.1786 0.4326 16.7549 1.2572 31.0535 
127.8229 19:45:00 0.1016 75.0866 0.4159 16.5378 n.a. 29.6519 
127.8333 20:00:00 0.1002 64.2198 0.4185 17.9368 1.1452 27.1181 
127.8438 20:15:00 0.1039 53.1777 0.4115 18.9667 1.0276 23.6461 
127.8542 20:30:00 0.1114 48.6257 0.4889 20.6029 1.1216 22.2217 
127.8646 20:45:00 0.1038 42.312 0.455 20.4849 0.9824 19.5385 
127.875 21:00:00 0.1366 39.2129 0.4256 21.7469 n.a. 18.4805 
127.8854 21:15:00 0.1008 35.0139 0.4454 21.0796 0.9983 17.2893 
127.8958 21:30:00 n.a. n.a. n.a. 24.0849 n.a. 17.6459 
127.9063 21:45:00 0.1131 28.6689 0.4381 22.1535 0.7588 14.9558 
127.9167 22:00:00 0.1032 25.895 0.3812 22.9767 0.902 14.7354 
127.9271 22:15:00 0.1029 24.4076 0.3953 23.0215 0.8922 14.4252 
127.9375 22:30:00 0.1009 22.9719 0.3749 23.9835 0.9057 14.0983 
127.9479 22:45:00 0.1051 22.806 0.4188 24.3373 0.9658 14.2946 
127.9583 23:00:00 0.0993 20.2098 n.a. 23.6567 0.7699 13.1573 
127.9688 23:15:00 0.0996 19.2634 n.a. 23.5548 0.8568 12.8858 
127.9792 23:30:00 0.0993 18.1729 n.a. 23.7782 0.8841 12.4567 
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Julian Decimal  Time of  Flouride Chloride Nitrite Nitrate Phosphate Sulfate 
Date Collection ppm ppm ppm ppm ppm ppm 
127.9896 23:45:00 0.094 13.465 n.a. 19.0642 n.a. 9.7719 
128 0:00:00 0.0785 11.4975 n.a. 16.9428 0.7668 8.5895 
128.0104 0:15:00 0.0766 11.0937 n.a. 17.1404 0.6336 8.5611 
128.0208 0:30:00 0.0782 11.1432 n.a. 17.6263 0.8398 8.6745 
128.0313 0:45:00 0.1265 10.9219 n.a. 18.3922 0.7826 8.6351 
128.0417 1:00:00 0.0853 10.4793 n.a. 17.9457 0.7471 8.4449 
128.0521 1:15:00 0.075 9.7004 n.a. 17.148 0.6498 7.9701 
128.0625 1:30:00 0.0855 9.2116 n.a. 17.3454 0.7385 7.9169 
128.0729 1:45:00 0.0947 9.6891 n.a. 18.6291 0.7892 8.4109 
128.0833 2:00:00 0.0802 8.8269 n.a. 17.3856 0.6389 7.7809 
128.0938 2:15:00 0.0768 9.2384 n.a. 18.4788 0.7954 8.1862 
128.1042 2:30:00 0.1479 8.6211 n.a. 17.4017 0.7433 7.7422 
128.1146 2:45:00 0.0767 8.9142 n.a. 18.2028 n.a. 7.7038 
128.125 3:00:00 0.0816 9.0423 n.a. 19.0461 0.7765 8.2714 
128.1354 3:15:00 0.0709 9.6897 n.a. 18.2457 n.a. 7.9106 
128.1458 3:30:00 0.0877 8.5044 n.a. 18.6022 0.7505 8.0109 
128.1563 3:45:00 0.0793 8.5923 n.a. 19.3017 0.7714 8.2053 
128.1667 4:00:00 0.0752 7.8942 n.a. 18.0213 0.7211 7.6605 
128.1771 4:15:00 0.0756 7.7774 n.a. 17.9063 0.5622 7.6615 
128.1875 4:30:00 0.0797 8.1714 n.a. 19.2375 n.a. 7.7718 
128.1979 4:45:00 0.079 7.7793 n.a. 18.6121 0.5557 7.7921 
128.2083 5:00:00 0.0774 7.5287 n.a. 18.3483 n.a. 7.3627 
128.2188 5:15:00 0.0775 7.8427 n.a. 19.3324 0.5722 8.0412 
128.2292 5:30:00 0.0749 7.3385 n.a. 18.2285 n.a. 7.2822 
128.2396 5:45:00 0.0796 7.3683 n.a. 18.5862 0.6531 7.7141 
128.25 6:00:00 0.0905 7.778 n.a. 19.5495 0.5918 8.0219 
128.2604 6:15:00 0.0796 7.6428 n.a. 19.7304 0.6975 8.1662 
128.2708 6:30:00 0.0811 7.7372 n.a. 19.8335 0.5671 8.0743 
128.2813 6:45:00 0.1195 7.0701 n.a. 18.7015 0.5673 7.5948 
128.2917 7:00:00 0.0793 7.0339 n.a. 18.7425 0.5952 7.622 
128.3021 7:15:00 0.2426 7.4175 n.a. 21.4974 n.a. n.a. 
128.3125 7:30:00 0.0775 6.9305 n.a. 18.9485 n.a. 7.351 
128.3229 7:45:00 0.0838 7.5587 n.a. 20.9263 0.718 8.4492 
128.3333 8:00:00 0.0798 6.0973 n.a. 20.7434 0.6977 7.9341 
128.3542 8:30:00 0.0826 6.9059 n.a. 19.7408 0.5878 7.8227 
128.375 9:00:00 0.0817 6.0606 n.a. 20.6891 0.7156 8.0689 
128.3958 9:30:00 0.0791 6.9663 n.a. 20.52 n.a. 7.7599 
128.4167 10:00:00 0.0837 5.8866 n.a. 20.693 0.7151 7.8618 
83 
 
Julian Decimal  Time of  Flouride Chloride Nitrite Nitrate Phosphate Sulfate 
Date Collection ppm ppm ppm ppm ppm ppm 
128.4375 10:30:00 0.0825 6.7793 n.a. 20.5415 0.5958 8.0132 
128.4583 11:00:00 0.0925 6.9392 n.a. 21.5622 0.7457 8.378 
128.5 12:00:00 0.0833 5.771 n.a. 20.7605 0.6803 7.9219 
128.5208 12:30:00 0.0856 6.4526 n.a. 20.6982 0.7009 8.0385 
128.5417 13:00:00 0.081 5.7067 n.a. 21.1782 0.7111 7.9383 
128.5625 13:30:00 0.0871 6.5916 n.a. 21.3548 0.7464 8.2302 
128.5833 14:00:00 0.081 5.7141 n.a. 21.2398 0.7249 7.9517 
128.6042 14:30:00 0.0831 6.2852 n.a. 20.8002 n.a. 7.6373 
128.625 15:00:00 0.0855 5.5651 n.a. 21.1643 0.6923 7.9452 
128.6458 15:30:00 0.0843 6.4344 n.a. 21.7784 0.7721 8.3511 
128.6667 16:00:00 0.0896 5.7845 n.a. 22.1204 0.7413 8.3231 
128.6875 16:30:00 0.09 6.3916 n.a. 22.1115 0.7237 8.3946 
128.7083 17:00:00 0.2133 6.0124 n.a. 23.1527 n.a. 8.5876 
128.7292 17:30:00 0.0956 6.1772 n.a. 21.7206 0.6157 8.1243 
128.75 18:00:00 0.0915 6.1908 n.a. 22.3189 0.5229 8.3388 
128.7708 18:30:00       
128.7917 19:00:00 0.0916 5.6891 n.a. 23.2301 n.a. 8.5655 
128.8125 19:30:00 0.2353 6.3641 n.a. 23.3913 n.a. 8.6654 
128.8333 20:00:00 0.0954 5.6762 n.a. 22.6649 0.7722 8.3911 
128.8542 20:30:00 0.0899 6.0818 n.a. 22.555 0.779 8.484 
128.875 21:00:00 0.0866 6.0161 n.a. 22.5577 0.7718 8.4243 
128.8958 21:30:00 0.0821 5.9437 n.a. 22.3606 0.7555 8.3245 
128.9167 22:00:00 0.0894 5.6231 n.a. 22.922 0.7562 8.3748 
128.9375 22:30:00 0.0825 6.0823 n.a. 23.1748 0.6691 8.5746 
128.9583 23:00:00 0.1181 5.9964 n.a. 23.1683 0.8082 8.6103 
128.9792 23:30:00       
129 0:00:00 0.0976 9.2138 n.a. 20.485 0.7725 8.8306 
129.0208 0:30:00       
129.0417 1:00:00 0.0883 8.9961 n.a. 20.2928 0.7592 8.7133 
129.0625 1:30:00 0.0902 8.8371 n.a. 20.1816 0.7637 8.7125 
129.0833 2:00:00 0.0953 9.174 n.a. 21.5435 0.804 9.0655 
129.1042 2:30:00 0.092 8.5722 n.a. 20.3652 0.7897 8.6528 
129.125 3:00:00 0.0819 5.8223 n.a. 23.2778 0.7622 8.5848 
129.1458 3:30:00       
129.1667 4:00:00 0.0835 7.1107 n.a. 22.1525 0.77 8.7438 
129.1875 4:30:00 0.0973 5.8276 n.a. 23.5418 n.a. 8.6033 
129.2083 5:00:00 0.0956 7.0399 n.a. 22.4611 n.a. 8.819 
129.2292 5:30:00 0.0961 5.8139 n.a. 23.5432 n.a. 8.5762 
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Julian Decimal  Time of  Flouride Chloride Nitrite Nitrate Phosphate Sulfate 
Date Collection ppm ppm ppm ppm ppm ppm 
129.25 6:00:00 0.0966 6.9592 n.a. 22.7007 n.a. 8.4496 
129.2708 6:30:00 0.0893 5.7813 n.a. 23.6887 n.a. 8.6229 
129.2917 7:00:00 0.0965 7.5771 n.a. 22.7594 n.a. 8.7587 
129.3125 7:30:00 0.094 13.465 n.a. 19.0642 n.a. 9.7719 
        
        
130.3333 8:00:00 0.089 4.1471 n.a. 16.6179 n.a. 6.7957 
130.375 9:00:00 0.0841 4.1165 n.a. 16.4296 n.a. 6.7808 
130.4167 10:00:00 0.0995 4.1047 n.a. 16.4037 n.a. 6.7863 
130.4583 11:00:00 0.0858 4.1393 n.a. 16.2962 n.a. 6.717 
130.5 12:00:00 0.0862 4.0811 n.a. 16.3683 n.a. 6.7528 
130.5417 13:00:00 0.0823 4.0933 n.a. 16.4528 n.a. 6.7577 
130.5833 14:00:00 0.0856 4.1347 n.a. 16.6599 n.a. 6.8045 
130.625 15:00:00 0.0846 4.1687 n.a. 16.7435 n.a. 6.8299 
130.6667 16:00:00 0.0843 4.1638 n.a. 16.7605 n.a. 6.8079 
130.7083 17:00:00 0.0821 4.2011 n.a. 16.9077 n.a. 6.896 
130.75 18:00:00 0.0862 4.288 n.a. 17.0103 n.a. 6.9302 
130.7917 19:00:00 0.0854 4.2482 n.a. 17.1308 n.a. 6.942 
130.8333 20:00:00 0.0819 4.2245 n.a. 16.9963 n.a. 6.9375 
130.875 21:00:00 0.0827 4.2018 n.a. 17.1028 n.a. 6.9689 
130.9167 22:00:00 0.0838 4.1707 n.a. 17.1104 n.a. 6.9808 
130.9583 23:00:00 0.0867 4.1187 n.a. 17.047 n.a. 6.923 
131 0:00:00 0.0815 4.108 n.a. 16.8012 n.a. 6.8431 
131.0417 1:00:00 0.0907 4.0252 n.a. 16.8064 n.a. 6.9881 
131.0833 2:00:00 0.0816 3.9625 n.a. 16.5871 n.a. 6.8092 
131.125 3:00:00 0.0864 3.9453 n.a. 16.6197 n.a. 6.7858 
131.1667 4:00:00 0.0815 3.9271 n.a. 16.5753 n.a. 6.7882 
131.2083 5:00:00 0.0851 3.9506 n.a. 16.659 n.a. 6.763 
131.25 6:00:00 0.0805 3.914 n.a. 16.6426 n.a. 6.7873 
131.2917 7:00:00 0.0846 3.9498 n.a. 16.7632 n.a. 6.8153 
131.3333 8:00:00 0.0831 3.902 n.a. 16.8246 n.a. 6.8584 
131.375 9:00:00 0.0846 3.95 n.a. 16.8948 n.a. 6.8742 
131.4167 10:00:00 0.0829 3.8767 n.a. 16.8756 n.a. 6.8349 
131.4583 11:00:00 0.0799 3.8817 n.a. 16.9506 n.a. 6.8976 
131.5 12:00:00 0.082 3.8695 n.a. 16.9723 n.a. 6.8565 
131.5417 13:00:00 0.0805 3.8459 n.a. 16.9479 n.a. 6.8514 
131.5833 14:00:00 0.081 3.8225 n.a. 17.7316 n.a. 7.028 
131.625 15:00:00 0.0842 3.8468 n.a. 17.017 n.a. 6.8858 
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Julian Decimal  Time of  Flouride Chloride Nitrite Nitrate Phosphate Sulfate 
Date Collection ppm ppm ppm ppm ppm ppm 
131.6667 16:00:00 0.0818 3.8166 n.a. 16.9738 n.a. 6.8462 
131.7083 17:00:00 0.0813 3.8915 n.a. 17.1043 n.a. 6.9583 
131.75 18:00:00 0.0823 3.8545 n.a. 17.2776 n.a. 6.8948 
131.7917 19:00:00 0.0835 3.8857 n.a. 17.4992 n.a. 7.0443 
131.8333 20:00:00 0.0826 3.8453 n.a. 17.5202 n.a. 7.0255 
131.875 21:00:00 0.0849 3.8746 n.a. 17.6239 n.a. 6.7458 
131.9167 22:00:00 0.2541 3.9737 n.a. 18.0577 n.a. 7.1819 
131.9583 23:00:00 0.0839 3.8908 n.a. 17.8201 n.a. 7.1458 
132 0:00:00 0.0823 3.7978 n.a. 17.7159 n.a. 7.1951 
132.0417 1:00:00 0.0726 3.8386 n.a. 17.8823 n.a. 7.14 
132.0833 2:00:00 0.0803 3.7619 n.a. 17.6225 n.a. 7.0228 
132.125 3:00:00 0.0833 3.8196 n.a. 17.9664 n.a. 6.9405 
132.1667 4:00:00 0.0808 3.7339 n.a. 17.8719 n.a. 7.1213 
132.2083 5:00:00 0.0855 3.7682 n.a. 17.9431 n.a. 7.1109 
132.25 6:00:00 0.0821 3.8245 n.a. 17.9036 n.a. 7.0881 
132.2917 7:00:00 0.0869 3.7431 0.4046 17.9344 n.a. 7.1921 
132.3333 8:00:00 0.0785 3.8281 n.a. 18.4558 n.a. 7.2297 
132.375 9:00:00 0.0828 3.6838 n.a. 17.9876 n.a. 7.1112 
132.4167 10:00:00 0.0831 3.6574 n.a. 17.8516 n.a. 7.1228 
132.4583 11:00:00 0.0799 3.6469 n.a. 17.9781 n.a. 7.0406 
132.5 12:00:00 0.0802 3.6226 n.a. 17.9929 n.a. 7.1112 
132.5417 13:00:00 0.0814 3.6826 n.a. 18.6625 n.a. 7.0575 
132.5833 14:00:00 0.0798 3.6496 n.a. 18.6523 n.a. 7.2199 
132.625 15:00:00 0.0821 3.6806 n.a. 18.8767 n.a. 7.3038 
132.6667 16:00:00 0.0837 3.6774 n.a. 18.9303 n.a. 7.3048 
132.7083 17:00:00 0.0842 3.6708 n.a. 19.1125 n.a. 7.3601 
132.75 18:00:00 0.0837 3.5794 n.a. 18.9135 n.a. 7.1568 
132.7917 19:00:00 0.1261 3.641 n.a. 19.4538 0.7947 7.2872 
132.8333 20:00:00 0.0827 3.6305 n.a. 19.1092 n.a. 7.3106 
132.875 21:00:00 0.0822 3.3877 n.a. 18.3823 n.a. 7.1049 
132.9167 22:00:00 0.1061 3.3222 n.a. 17.9194 n.a. 7.162 
132.9583 23:00:00 0.0869 3.2523 n.a. 17.9119 n.a. 7.1783 
133 0:00:00 0.0837 3.2625 n.a. 17.7947 n.a. 7.1817 
133.0417 1:00:00 0.082 3.2264 n.a. 17.905 n.a. 7.2627 
133.0833 2:00:00 0.0828 3.2071 n.a. 17.8193 n.a. 7.1956 
133.125 3:00:00 0.0821 3.2295 n.a. 17.9072 n.a. 7.2532 
133.1667 4:00:00 0.0808 3.262 n.a. 18.09 n.a. 7.2738 
133.2083 5:00:00 0.0883 3.4415 n.a. 18.5898 n.a. 7.4417 
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133.25 6:00:00 0.0899 3.5277 n.a. 18.9861 1.4677 7.9312 
133.2917 7:00:00 0.0977 3.4716 n.a. 19.3629 n.a. 8.0267 
133.3333 8:00:00 0.0889 3.6044 n.a. 19.5757 n.a. 8.075 
133.375 9:00:00 0.0851 3.5601 n.a. 19.835 n.a. 8.1358 
133.4167 10:00:00 0.1044 3.9327 n.a. 20.0964 n.a. 8.2528 
133.4583 11:00:00 0.1016 3.6888 n.a. 20.3905 n.a. 8.2279 
133.5 12:00:00 0.0909 3.7446 n.a. 20.483 n.a. 8.3985 
133.5417 13:00:00 0.1006 3.969 n.a. 20.7872 n.a. 8.4017 
133.5833 14:00:00 0.1016 3.8679 n.a. 21.123 1.4318 8.4635 
133.625 15:00:00 0.0958 3.9317 n.a. 21.5806 1.4694 8.6861 
133.6667 16:00:00 0.0792 3.8238 0.2595 19.4364 0.4886 7.8598 
133.7083 17:00:00 0.158 4.4322 n.a. 22.5169 n.a. 8.5021 
133.75 18:00:00 0.0984 4.0561 n.a. 22.4148 n.a. 8.4994 
133.7917 19:00:00 0.1064 4.0078 n.a. 22.5025 n.a. 8.4787 
133.8333 20:00:00 0.1037 4.3847 n.a. 22.8809 n.a. 8.9545 
133.875 21:00:00 0.1022 4.1221 n.a. 22.9863 n.a. 9.1066 
133.9167 22:00:00 0.1072 4.1598 n.a. 23.1299 n.a. 9.0226 
133.9583 23:00:00 0.1006 4.2434 n.a. 23.3053 1.1967 9.0653 
134 0:00:00 0.1106 4.1927 n.a. 23.3477 n.a. 8.7455 
134.0417 1:00:00 0.1074 4.3284 n.a. 23.2438 1.3467 9.2425 
134.0833 2:00:00 0.1612 4.1203 n.a. 23.4843 1.357 9.312 
134.125 3:00:00 0.133 4.4092 n.a. 23.4394 1.3649 9.2856 
134.1667 4:00:00 0.1009 4.2161 n.a. 23.5973 1.1826 9.2689 
134.2083 5:00:00 0.1163 4.3613 n.a. 24.1521 n.a. 9.0233 
134.25 6:00:00 0.1079 4.3179 n.a. 24.0614 1.24 9.4101 
134.2917 7:00:00 0.1185 4.5827 n.a. 24.2405 1.2116 9.4219 
134.3333 8:00:00       
134.375 9:00:00 0.1021 4.3851 n.a. 24.8967 n.a. 9.1069 
134.4167 10:00:00 0.1144 4.4302 n.a. 25.0248 n.a. 9.6483 
134.4583 11:00:00 0.1672 4.3901 n.a. 25.2569 1.2324 9.7254 
134.5 12:00:00 n.a. n.a. n.a. n.a. n.a. n.a. 
134.5417 13:00:00 0.1477 4.8992 n.a. 25.8942 n.a. 9.4234 
134.5833 14:00:00 0.1082 4.6 n.a. 25.9466 1.3793 9.8879 
134.625 15:00:00 0.1014 4.6508 n.a. 26.1669 1.4146 9.9843 
134.6667 16:00:00 0.1097 4.5637 n.a. 26.2689 1.096 9.2906 
134.7083 17:00:00 0.1097 4.6967 n.a. 26.4675 1.2764 9.991 
134.75 18:00:00 0.0974 4.6067 n.a. 26.5489 n.a. 9.599 
134.7917 19:00:00 0.1043 4.7446 n.a. 26.9138 1.2812 10.0502 
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134.8333 20:00:00 0.1057 4.7491 n.a. 26.9237 1.2312 10.0854 
134.875 21:00:00 0.1202 5.0155 n.a. 27.2164 n.a. 10.2144 
134.9167 22:00:00 0.1207 5.073 n.a. 27.3403 1.4048 10.3287 
134.9583 23:00:00 0.1176 4.7776 n.a. 27.5281 1.4261 10.2973 
135 0:00:00 0.1303 5.0523 n.a. 27.4712 1.4015 10.3254 
135.0417 1:00:00 0.098 4.8828 n.a. 27.682 1.2595 10.2017 
135.0833 2:00:00 0.1183 4.98 n.a. 27.895 n.a. 10.4656 
135.125 3:00:00 n.a. n.a. n.a. n.a. n.a. 0.3639 
135.1667 4:00:00 0.1454 5.1819 n.a. 28.0557 n.a. 10.4142 
135.2083 5:00:00 0.1093 4.9296 n.a. 28.0219 1.3958 10.4396 
135.25 6:00:00 0.1155 5.1316 n.a. 28.1132 1.4965 10.5071 
135.2917 7:00:00 0.1272 5.1825 n.a. 28.3503 1.4614 10.5263 
135.375 9:00:00 0.0743 3.478  21.8016 0.4993 6.6359 
135.4167 10:00:00 0.071 3.4248  21.2301 0.4682 6.9563 
135.4583 11:00:00 0.0679 3.3283  19.2049 0.4938 7.3162 
135.5 12:00:00 0.133 4.4486 n.a. 25.4503 n.a. 10.4514 
135.5417 13:00:00 0.1208 4.4816 n.a. 25.2194 1.2868 10.0683 
135.5833 14:00:00 0.1113 4.3192 n.a. 24.2526 1.4326 9.8615 
135.625 15:00:00 0.1219 4.4986 n.a. 25.4141 1.5307 10.3515 
135.6667 16:00:00 0.1095 4.3559 n.a. 25.5922 1.2679 10.3697 
135.7083 17:00:00 0.1147 4.3544 n.a. 25.8435 1.4816 10.4496 
135.75 18:00:00 n.a. n.a. n.a. n.a. n.a. n.a. 
135.7917 19:00:00 0.1509 4.7376 n.a. 26.3196 n.a. 10.5196 
135.8333 20:00:00 0.1216 4.4526 n.a. 25.0975 1.3026 9.991 
135.875 21:00:00 0.1244 4.7092 n.a. 26.5918 1.5064 10.5325 
135.9167 22:00:00 0.1148 4.5076 n.a. 26.6148 1.3615 10.4305 
135.9583 23:00:00 0.1096 4.5442 n.a. 26.9382 1.379 10.5275 
136 0:00:00 0.1131 4.5337 n.a. 27.0389 1.4524 10.5589 
136.0417 1:00:00 0.1239 4.7422 n.a. 27.0211 1.3499 10.5146 
136.0833 2:00:00       
136.125 3:00:00 0.0541 3.218  19.543 n.a. 7.327 
136.1667 4:00:00 0.0542 3.1755  19.6127 0.5954 7.6339 
136.2083 5:00:00 0.0686 3.3598  19.6382 0.6159 7.6763 
136.25 6:00:00 0.0668 3.3493  19.7654 0.6102 7.6755 
136.2917 7:00:00 0.0718 4.1787  20.4431 n.a. 7.8345 
136.375 9:00:00 0.0415 3.1641 n.a. 19.1963 n.a. 7.4847 
136.4583 11:00:00 0.0569 3.4714 n.a. 19.2947 n.a. 7.4319 
136.5417 13:00:00 0.0586 3.6506 n.a. 19.5527 n.a. 7.5519 
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136.625 15:00:00 0.0575 3.708 n.a. 19.297 n.a. 7.4546 
136.7083 17:00:00 0.0609 3.7643 n.a. 19.9093 n.a. 7.5672 
136.7917 19:00:00 0.0423 3.3893 n.a. 19.7196 n.a. 7.6328 
136.875 21:00:00 0.0404 3.3689 n.a. 19.8454 n.a. 7.6777 
136.9583 23:00:00 0.0672 3.7393 n.a. 19.8341 n.a. 7.1038 
137.0417 1:00:00 0.039 3.1898 n.a. 19.6025 n.a. 7.3469 
137.125 3:00:00 0.0551 3.6316 n.a. 18.9235 n.a. 7.5834 
137.2083 5:00:00 0.073 3.5849 n.a. 18.7674 n.a. 7.6288 
137.2917 7:00:00 0.0575 3.2269 n.a. 18.8674 n.a. 7.8182 
137.375 9:00:00 0.0692 3.8308 n.a. 18.7874 n.a. 7.676 
137.4583 11:00:00 0.0422 3.2056 n.a. 19.0117 n.a. 7.7358 
137.5417 13:00:00 0.0703 3.4822 n.a. 18.9597 n.a. 7.1354 
137.625 15:00:00 0.0636 3.6992 n.a. 19.0933 n.a. 7.1488 
137.7083 17:00:00 0.0705 3.9286 n.a. 19.126 n.a. 7.1951 
137.7917 19:00:00 0.094 4.187 n.a. 19.3592 n.a. 7.8978 
137.875 21:00:00 0.0507 3.8877 n.a. 18.8172 n.a. 7.6843 
137.9583 23:00:00 0.0747 3.7483 n.a. 19.7492 n.a. 7.9437 
138.0417 1:00:00 0.0272 3.6144 n.a. 19.1125 n.a. 7.7133 
138.125 3:00:00 0.0126 3.6167 n.a. 19.0277 n.a. 7.7256 
138.2083 5:00:00 n.a. 4.2919 n.a. 19.5638 n.a. 8.0767 
138.2917 7:00:00 0.0252 4.0659 n.a. 19.1373 n.a. 7.8799 
138.375 9:00:00 0.0134 3.8168 n.a. 18.9922 n.a. 7.7544 
138.9583 23:00:00  4.0507 n.a. 20.8871 n.a. 7.6911 
139.125 3:00:00 0.0299 4.1555 n.a. 20.3305 n.a. 7.9358 
139.2917 7:00:00 0.0101 3.923 n.a. 20.2977 n.a. 7.7356 
139.4583 11:00:00 7.37E-04 3.9256 n.a. 20.4689 n.a. 7.6682 
139.625 15:00:00 0.0175 3.7953 n.a. 21.04 n.a. 7.7663 
139.7917 19:00:00 n.a. 3.7056 n.a. 22.7389 n.a. 7.8701 
139.9583 23:00:00 0.012 3.8825 n.a. 21.2623 n.a. 7.768 
140.125 3:00:00 0.0364 4.4277 n.a. 22.109 n.a. 8.1524 
140.2917 7:00:00 0.023 4.1329 n.a. 21.4068 n.a. 7.8159 
140.4583 11:00:00 n.a. 0.7769 n.a. 22.7421 n.a. 8.2628 
140.7917 19:00:00 0.026 4.7226 n.a. 22.0317 0.1218 8.1631 
141.125 3:00:00 0.0514 4.1514 n.a. 21.7179 n.a. 8.0154 
141.2917 7:00:00 0.0186 4.3483 n.a. 21.9309 n.a. 8.0828 
141.4583 11:00:00 n.a. 3.893 n.a. n.a. n.a. 7.7197 
141.625 15:00:00 n.a. 3.7174 n.a. n.a. n.a. 7.7195 
141.7917 19:00:00 n.a. 3.8209 n.a. n.a. n.a. 7.7215 
89 
 
Julian Decimal  Time of  Flouride Chloride Nitrite Nitrate Phosphate Sulfate 
Date Collection ppm ppm ppm ppm ppm ppm 
141.9583 23:00:00 n.a. 3.9534 n.a. n.a. n.a. 7.713 
142.125 3:00:00 n.a. 3.9715 n.a. n.a. n.a. 7.8337 
142.2917 7:00:00 n.a. 3.7904 n.a. n.a. n.a. 7.7571 
142.4583 11:00:00 n.a. 3.8105 n.a. n.a. n.a. 7.7973 
142.625 15:00:00 n.a. 3.8576 n.a. n.a. 0.253 7.7198 
142.7917 19:00:00 0.1145 4.2492 n.a. n.a. n.a. 8.0611 
142.9583 23:00:00 n.a. 3.8853 n.a. n.a. n.a. 7.8608 
143.125 3:00:00 n.a. 3.7444 n.a. n.a. n.a. 7.9534 
143.2917 7:00:00 n.a. 3.9874 n.a. n.a. n.a. 7.8496 
143.4583 11:00:00 n.a. 3.7195 n.a. n.a. n.a. 7.8398 
143.625 15:00:00 n.a. 3.8436 n.a. n.a. n.a. 7.5923 
143.7917 19:00:00 n.a. 3.7011 n.a. n.a. n.a. 8.0416 
143.9583 23:00:00 n.a. 3.7675 n.a. n.a. n.a. 7.8475 
144.125 3:00:00 n.a. 3.7006 n.a. n.a. n.a. 7.8513 
144.2917 7:00:00 n.a. 3.8142 n.a. n.a. n.a. 7.836 
144.4583 11:00:00 n.a. 3.6779 n.a. n.a. n.a. 7.9868 
144.625 15:00:00 n.a. 3.7893 n.a. n.a. n.a. 7.8829 
144.7917 19:00:00 n.a. 3.8287 n.a. n.a. n.a. 7.8848 
144.9583 23:00:00 n.a. 3.7913 n.a. n.a. n.a. 7.9053 
145.125 3:00:00 n.a. 3.8137 n.a. n.a. n.a. 7.9086 
145.2917 7:00:00 0.0412 3.8781 n.a. n.a. n.a. 8.0609 
145.4583 11:00:00 n.a. 3.8463 n.a. n.a. n.a. 7.9062 
145.625 15:00:00 n.a. 3.8227 0.5247 0.5247 n.a. 7.9127 
145.7917 19:00:00 n.a. 3.7499 n.a. n.a. n.a. 7.9776 
145.9583 23:00:00 n.a. 3.7099 n.a. n.a. n.a. 7.9485 
146.125 3:00:00 n.a. 3.9511 n.a. n.a. n.a. 8.0131 
146.2917 7:00:00 n.a. 3.7572 n.a. n.a. n.a. 8.1654 
146.4583 11:00:00 n.a. 3.6806 n.a. n.a. n.a. 7.7142 
146.625 15:00:00 n.a. 3.6655 n.a. n.a. n.a. 7.9582 
146.9583 23:00:00 0.0382 4.1811 n.a. n.a. n.a. 8.2862 
147.2917 7:00:00 n.a. 4.0531 n.a. n.a. n.a. 8.229 
147.625 15:00:00 0.0359 2.7704 n.a. n.a. n.a. 6.7619 
147.9583 23:00:00 n.a. 2.5169 n.a. n.a. n.a. 6.7265 
148.2917 7:00:00 n.a. 2.4616 n.a. n.a. n.a. 6.3379 
148.4583 11:00:00 0.0729 2.6522 n.a. 15.6054 n.a. 5.9003 
148.625 15:00:00 0.0702 2.4713 n.a. 15.3962 0.8654 6.0881 
148.7917 19:00:00 0.0717 2.5318 n.a. 17.5061 n.a. 6.2654 
148.9583 23:00:00 0.0713 2.7986 n.a. 16.3365 n.a. 6.0961 
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149.125 3:00:00 n.a. 2.5354 n.a. 16.7834 n.a. 6.5952 
149.2917 7:00:00 0.1024 2.5105 n.a. 15.9325 n.a. 6.1364 
149.4583 11:00:00 n.a. 2.6813 n.a. 16.0176 n.a. 6.174 
149.625 15:00:00 n.a. 2.6239 n.a. 15.7487 n.a. 6.3262 
149.7917 19:00:00 n.a. 2.6858 n.a. 16.0134 n.a. 6.3843 
149.9583 23:00:00 0.0734 2.7966 n.a. 16.4745 n.a. 6.8356 
150.125 3:00:00 0.0738 3.0718 n.a. 17.5835 n.a. 7.096 
150.2917 7:00:00 0.1019 2.9632 n.a. 17.6666 n.a. 7.0565 
150.4583 11:00:00 0.074 3.0737 n.a. 17.9623 n.a. 6.7962 
150.625 15:00:00 0.1298 2.9312 n.a. 18.4493 n.a. 6.9192 
150.7917 19:00:00 0.075 3.1238 n.a. 18.4433 n.a. 6.8651 
150.9583 23:00:00 n.a. 3.032 n.a. 18.5379 n.a. 6.8744 
151.125 3:00:00 0.0701 3.1247 n.a. 19.1447 n.a. 7.0367 
151.2917 7:00:00 0.0715 3.1813 n.a. 19.0646 n.a. 7.3415 
151.4583 11:00:00 0.0842 3.1637 n.a. 19.3999 n.a. 7.0794 
151.7917 19:00:00 n.a. 3.2947 n.a. 19.6397 n.a. 7.1158 
152.125 3:00:00 n.a. 3.3019 n.a. 20.0856 n.a. 7.1763 
152.4583 11:00:00 n.a. 3.4005 n.a. 20.7122 n.a. 7.3449 
152.7917 19:00:00 0.1093 3.3968 n.a. 20.9026 n.a. 7.3915 
153.125 3:00:00 0.0659 3.4749 n.a. 20.8664 n.a. 7.6148 
153.4583 11:00:00 0.0717 3.6813 n.a. 21.5375 n.a. 7.4959 
153.7917 19:00:00 0.0914 3.4612 n.a. 20.8562 n.a. 7.281 
154.125 3:00:00 n.a. 3.4841 n.a. 21.3921 n.a. 7.3571 
154.4583 11:00:00 n.a. 3.487 n.a. 21.5709 n.a. 7.3416 
154.7917 19:00:00 n.a. 3.627 n.a. 21.9219 n.a. 7.4295 
155.125 3:00:00 n.a. 3.6766 n.a. 22.0188 n.a. 7.4 
155.4583 11:00:00 0.0802 3.6934 n.a. 22.2453 n.a. 7.4649 
 
 
Julian Decimal  Time of  Sodium Potassium Magnesium Calcium 
Date Collection ppm ppm ppm ppm 
126.4583 11:00:00 1.3472 1.6979 6.009 37.3385 
126.5 12:00:00     
126.5417 13:00:00 1.2737 1.6563 5.6661 35.8237 
126.5833 14:00:00     
126.625 15:00:00 1.2342 1.6527 5.59 35.292 
126.6667 16:00:00     
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126.7083 17:00:00 1.2455 1.6448 5.6113 34.971 
126.75 18:00:00     
126.7917 19:00:00     
126.8333 20:00:00 1.2604 1.649 5.6911 35.333 
126.875 21:00:00     
126.9167 22:00:00     
126.9583 23:00:00 1.2682 1.6546 5.7505 35.5072 
127 0:00:00     
127.0417 1:00:00 1.331 1.7372 6.0655 37.4051 
127.0833 2:00:00     
127.125 3:00:00 1.2801 1.6599 5.7992 35.5477 
127.1667 4:00:00     
127.2083 5:00:00 1.2872 1.6686 5.8139 35.7311 
127.25 6:00:00     
127.2917 7:00:00     
127.3333 8:00:00 1.2419 1.5798 5.3723 32.8921 
127.3646 8:45:00 1.4242 1.6602 6.0081 35.7173 
127.375 9:00:00 1.3353 1.6522 5.89 35.8832 
127.3854 9:15:00 1.289 1.6627 5.8521 35.7806 
127.3958 9:30:00     
127.4063 9:45:00 2.7978 1.6694 5.8673 35.86 
127.4167 10:00:00 1.2836 1.6436 5.7682 35.2711 
127.4271 10:15:00 1.3468 1.7234 6.0883 37.192 
127.4375 10:30:00 1.2814 1.6404 5.8054 35.4124 
127.4479 10:45:00 1.2909 1.6662 5.8792 35.9 
127.4583 11:00:00 1.3535 1.7232 6.1665 37.6534 
127.4688 11:15:00 1.3039 1.6693 5.9212 36.1366 
127.4792 11:30:00 1.4148 1.5994 5.8717 34.4563 
127.4896 11:45:00 1.2973 1.64 5.8773 35.7842 
127.5 12:00:00 1.3135 1.678 5.9538 36.3601 
127.5104 12:15:00 1.2921 1.6474 5.8569 35.6714 
127.5208 12:30:00 1.3045 1.66 5.9132 35.9857 
127.5313 12:45:00 1.3616 1.7198 6.2072 37.8897 
127.5417 13:00:00 1.2909 1.6383 5.8311 35.6395 
127.5521 13:15:00 1.3252 1.6744 6.0109 36.6932 
127.5625 13:30:00 1.3286 1.6855 6.0009 36.6002 
127.5729 13:45:00 1.321 1.6659 5.9701 36.5349 
127.5833 14:00:00 1.3801 1.5688 6.063 35.5657 
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127.5938 14:15:00 1.7412 1.6915 6.1311 37.7636 
127.6042 14:30:00 6.1448 1.9778 7.6104 47.7039 
127.6146 14:45:00 11.229 2.1981 9.0151 55.8523 
127.625 15:00:00 18.293 2.6967 11.0991 67.9229 
127.6354 15:15:00 22.0838 2.8009 11.4712 70.2804 
127.6458 15:30:00 25.8477 3.1563 11.9068 71.7868 
127.6563 15:45:00 28.027 3.2474 11.9911 72.4567 
127.6667 16:00:00 29.7452 3.4985 12.0964 72.8728 
127.6771 16:15:00 32.1393 3.6941 12.5552 75.0989 
127.6875 16:30:00 32.7838 3.6618 12.1257 71.2913 
127.6979 16:45:00 33.171 3.7207 12.21 72.9653 
127.7083 17:00:00 33.1978 3.7863 11.9902 71.7758 
127.7188 17:15:00 30.8886 3.6365 11.5109 69.1902 
127.7292 17:30:00 25.961 3.4855 10.7651 64.7424 
127.7396 17:45:00 20.4718 3.0436 9.5592 57.5489 
127.75 18:00:00 16.3791 2.7889 8.7939 52.7306 
127.7604 18:15:00     
127.7708 18:30:00 13.8986 2.6261 8.3583 50.1992 
127.7813 18:45:00 11.3695 2.463 8.0352 48.2539 
127.7917 19:00:00 12.6152 2.4437 8.5177 50.0173 
127.8021 19:15:00 17.0453 2.7214 9.5225 56.6809 
127.8125 19:30:00 18.7962 2.8407 9.9692 59.2852 
127.8229 19:45:00 19.3179 2.9328 9.9838 59.3455 
127.8333 20:00:00 17.0789 2.7623 9.4339 56.1877 
127.8438 20:15:00 14.2406 2.6297 8.8211 52.6333 
127.8542 20:30:00 12.8506 2.5954 8.8424 52.2124 
127.8646 20:45:00 11.1037 2.4446 8.2553 49.0228 
127.875 21:00:00 9.8955 2.343 8.0061 47.7407 
127.8854 21:15:00 8.9801 2.2686 7.7981 46.529 
127.8958 21:30:00 8.5298 2.1441 7.8201 45.4838 
127.9063 21:45:00 7.2662 2.1124 7.384 44.1086 
127.9167 22:00:00 6.6429 2.078 7.25 43.3663 
127.9271 22:15:00 6.2463 2.0714 7.2936 43.6189 
127.9375 22:30:00 5.8862 2.048 7.2286 43.327 
127.9479 22:45:00 5.8416 2.0826 7.4317 44.5098 
127.9583 23:00:00 5.2906 1.9871 7.0658 42.3451 
127.9688 23:15:00 4.9336 1.9335 6.8938 41.4023 
127.9792 23:30:00 4.752 1.9563 6.9339 41.5894 
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127.9896 23:45:00 4.7484 1.975 7.1762 42.9736 
128 0:00:00 4.451 1.9652 6.9975 37.9845 
128.0104 0:15:00 3.7671 1.7875 5.7401 31.4552 
128.0208 0:30:00 3.6073 1.844 6.1343 34.0123 
128.0313 0:45:00 3.4833 1.8413 6.1492 33.7959 
128.0417 1:00:00 3.4438 1.8611 6.2728 34.4533 
128.0521 1:15:00 3.2625 1.7912 5.9362 32.1399 
128.0625 1:30:00     
128.0729 1:45:00 3.1216 1.723 5.9215 32.1133 
128.0833 2:00:00 3.2076 1.8736 6.4034 38.1053 
128.0938 2:15:00 3.0634 1.8142 6.1692 33.5353 
128.1042 2:30:00 3.1403 1.8725 6.4878 35.4266 
128.1146 2:45:00 2.9481 1.7992 6.1487 33.3927 
128.125 3:00:00 2.9449 1.7817 6.2669 33.8523 
128.1354 3:15:00 3.0265 1.8638 6.5545 35.572 
128.1458 3:30:00 2.8731 1.8151 6.335 34.2798 
128.1563 3:45:00 2.8654 1.8078 6.3621 34.3577 
128.1667 4:00:00 2.9276 1.8362 6.535 34.9851 
128.1771 4:15:00 2.8466 1.7518 6.3501 34.0327 
128.1875 4:30:00 2.7933 1.8115 6.4534 34.7295 
128.1979 4:45:00 2.8949 1.8761 6.8055 36.6089 
128.2083 5:00:00 2.7209 1.8 6.4547 34.7209 
128.2188 5:15:00 2.7004 1.8381 6.5075 34.887 
128.2292 5:30:00 2.8017 1.8456 6.8101 36.4854 
128.2396 5:45:00 2.6599 1.7812 6.483 34.7429 
128.25 6:00:00 2.626 1.7868 6.4924 34.7815 
128.2604 6:15:00 2.6358 1.8127 6.5958 35.3362 
128.2708 6:30:00 2.6335 1.8151 6.5561 34.7471 
128.2813 6:45:00 2.6635 1.8884 6.6892 35.5287 
128.2917 7:00:00 2.5599 1.7954 6.5479 35.0268 
128.3021 7:15:00 2.5279 1.769 6.5454 35.06 
128.3125 7:30:00 2.6338 1.8351 6.6986 35.5927 
128.3229 7:45:00 2.5362 1.7964 6.6343 35.3864 
128.3333 8:00:00 2.6197 1.8471 6.936 36.9438 
128.3542 8:30:00 2.2178 1.7846 6.9092 36.7356 
128.375 9:00:00 2.4693 1.8176 6.7466 36.098 
128.3958 9:30:00 2.1864 1.7961 6.9059 36.8248 
128.4167 10:00:00 2.5759 1.8792 6.9649 36.4586 
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128.4375 10:30:00 2.2186 1.7383 6.8661 36.1125 
128.4583 11:00:00 2.4534 1.8513 6.9945 37.3451 
128.5 12:00:00 2.4046 1.8392 7.0025 37.3579 
128.5208 12:30:00 2.1325 1.8025 6.9732 36.9358 
128.5417 13:00:00 2.3584 1.8359 6.993 37.2004 
128.5625 13:30:00 2.1081 1.787 6.9819 36.7788 
128.5833 14:00:00 2.337 1.8125 7.012 37.3755 
128.6042 14:30:00 2.1135 1.7726 6.9914 37.0377 
128.625 15:00:00 2.3188 1.8471 6.9139 36.4594 
128.6458 15:30:00 2.1216 1.7105 6.8557 36.1541 
128.6667 16:00:00 2.2743 1.8236 7.0058 37.3886 
128.6875 16:30:00 2.0786 1.786 6.9827 37.1541 
128.7083 17:00:00 n.a. n.a. 7.0956 36.853 
128.7292 17:30:00 2.0762 1.7863 6.9932 37.2435 
128.75 18:00:00 2.2003 1.7856 6.99 37.1895 
128.7708 18:30:00     
128.7917 19:00:00 2.1967 1.8133 6.9893 37.3245 
128.8125 19:30:00 2.0275 1.7684 7.0006 37.3898 
128.8333 20:00:00 2.1907 1.8102 7.022 37.5874 
128.8542 20:30:00 2.044 1.7834 6.8759 36.3959 
128.875 21:00:00 2.1905 1.7294 6.8558 36.5864 
128.8958 21:30:00 2.1391 1.7879 6.9877 37.4266 
128.9167 22:00:00 2.1322 1.7746 6.9457 37.2398 
128.9375 22:30:00 2.0252 1.8028 7.0206 37.59 
128.9583 23:00:00 2.1298 1.7958 7.0085 37.6018 
128.9792 23:30:00     
129 0:00:00 2.1145 1.7622 6.9942 37.2863 
129.0208 0:30:00     
129.0417 1:00:00 2.0838 1.7922 7.0346 37.7975 
129.0625 1:30:00 2.584 1.8515 7.0451 38.2519 
129.0833 2:00:00 2.0733 1.7943 6.9684 40.0341 
129.1042 2:30:00 2.5486 1.8578 7.0872 38.3498 
129.125 3:00:00 2.0857 1.806 7.0901 38.0217 
129.1458 3:30:00     
129.1667 4:00:00 2.0529 1.787 7.0833 38.0207 
129.1875 4:30:00 2.4355 1.8442 7.0658 38.1844 
129.2083 5:00:00 2.0571 1.7913 7.1103 38.1257 
129.2292 5:30:00 2.3922 1.8436 7.076 38.2772 
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129.25 6:00:00 2.0605 1.7517 6.9559 36.946 
129.2708 6:30:00 2.3726 1.8071 6.9431 37.1706 
129.2917 7:00:00 2.0638 1.7288 6.9543 36.9701 
129.3125 7:30:00 2.3494 1.7763 6.9475 37.6221 
      
      
130.3333 8:00:00 1.1869 1.3619 5.155 29.7966 
130.375 9:00:00 1.1758 1.3664 5.1513 30.0304 
130.4167 10:00:00 1.1598 1.3466 5.1597 30.1771 
130.4583 11:00:00 1.1716 1.3656 5.1804 30.4643 
130.5 12:00:00 1.1819 1.3594 5.1643 30.3423 
130.5417 13:00:00 1.1823 1.3638 5.1924 30.3496 
130.5833 14:00:00 1.1688 1.3444 5.1041 29.4882 
130.625 15:00:00 1.2145 1.2848 5.1033 29.7431 
130.6667 16:00:00 1.1952 1.3418 5.2307 30.5857 
130.7083 17:00:00 1.2344 1.3716 5.2818 30.6909 
130.75 18:00:00 1.2109 1.3211 5.2529 30.3305 
130.7917 19:00:00 1.233 1.3673 5.2479 30.385 
130.8333 20:00:00 1.2245 1.3548 5.2777 30.5948 
130.875 21:00:00 1.2076 1.3582 5.2824 30.624 
130.9167 22:00:00 1.2026 1.363 5.303 30.7281 
130.9583 23:00:00 1.1946 1.372 5.297 30.8337 
131 0:00:00 1.1906 1.3802 5.2904 30.9331 
131.0417 1:00:00 1.1838 1.3883 5.198 30.2328 
131.0833 2:00:00 1.2085 1.3059 5.1732 30.256 
131.125 3:00:00 1.1802 1.3699 5.3077 31.2998 
131.1667 4:00:00 1.1755 1.346 5.283 30.9122 
131.2083 5:00:00 1.1565 1.3476 5.2888 31.0122 
131.25 6:00:00 1.1668 1.3653 5.3035 31.1389 
131.2917 7:00:00 1.1649 1.3612 5.3125 31.136 
131.3333 8:00:00 1.1662 1.3642 5.3127 31.1555 
131.375 9:00:00 1.1758 1.3697 5.3232 31.1663 
131.4167 10:00:00 1.1693 1.3536 5.3242 31.245 
131.4583 11:00:00 1.1596 1.3547 5.2241 32.3416 
131.5 12:00:00 1.2226 1.2987 5.2494 30.4502 
131.5417 13:00:00 1.1518 1.3468 5.3384 31.2286 
131.5833 14:00:00 1.1502 1.3199 5.3465 31.1204 
131.625 15:00:00 1.1515 1.3391 5.3438 31.2452 
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131.6667 16:00:00 1.1532 1.3483 5.3629 31.3259 
131.7083 17:00:00 1.1706 1.3457 5.3675 31.2689 
131.75 18:00:00 1.172 1.3516 5.663 31.9848 
131.7917 19:00:00 1.1887 1.3506 5.4471 31.5152 
131.8333 20:00:00 1.1793 1.3057 5.4182 31.3501 
131.875 21:00:00 1.1704 1.2957 5.3061 30.267 
131.9167 22:00:00 1.2072 1.2067 5.2491 30.1024 
131.9583 23:00:00 1.1926 1.3072 5.4334 31.3019 
132 0:00:00 1.1771 1.2797 5.4352 31.1768 
132.0417 1:00:00 1.1941 1.3102 5.4656 31.3867 
132.0833 2:00:00 1.1726 1.3 5.4427 31.4065 
132.125 3:00:00 1.1671 1.3148 5.4382 31.2519 
132.1667 4:00:00 1.1514 1.2868 5.4449 31.1594 
132.2083 5:00:00 1.1742 1.2976 5.4621 31.2564 
132.25 6:00:00 1.1677 1.2797 5.3481 30.2676 
132.2917 7:00:00 1.2018 1.2077 5.3291 30.3534 
132.3333 8:00:00 1.1844 1.2692 5.4371 31.0419 
132.375 9:00:00 1.1629 1.258 5.4436 31.4218 
132.4167 10:00:00 1.169 1.2699 5.4415 31.2001 
132.4583 11:00:00 1.1694 1.2682 5.4415 31.3432 
132.5 12:00:00 1.1753 1.2581 5.4279 31.0467 
132.5417 13:00:00 1.1964 1.2781 5.4659 31.2961 
132.5833 14:00:00 1.1772 1.2407 5.4415 30.8575 
132.625 15:00:00 1.1897 1.2441 5.4729 31.1544 
132.6667 16:00:00 1.1729 1.225 5.3384 29.6396 
132.7083 17:00:00 1.2089 1.163 5.2866 29.7394 
132.75 18:00:00 1.1511 1.2099 5.3171 29.686 
132.7917 19:00:00 1.1961 1.2017 5.2881 29.5107 
132.8333 20:00:00 1.1724 1.2176 5.3808 30.3864 
132.875 21:00:00 1.139 1.1894 5.2882 29.5393 
132.9167 22:00:00 1.1157 1.1823 5.2669 29.4077 
132.9583 23:00:00 1.1115 1.1841 5.2711 29.4907 
133 0:00:00 1.1094 1.1832 5.2661 29.5343 
133.0417 1:00:00 1.1195 1.2026 5.2194 29.3274 
133.0833 2:00:00 1.0789 1.1387 4.9537 27.3679 
133.125 3:00:00 0.5578 n.a. 0.4957 1.7045 
133.1667 4:00:00 0.1411 0.2988 0.6399 2.6826 
133.2083 5:00:00 2.1473 3.6415 4.851 20.6864 
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133.25 6:00:00 2.0708 3.7777 5.073 22.3785 
133.2917 7:00:00 2.1198 3.86 5.1566 22.7347 
133.3333 8:00:00 2.1505 3.9035 5.2452 23.1725 
133.375 9:00:00 2.1994 3.9476 5.3612 23.6846 
133.4167 10:00:00 2.2022 3.9497 5.4063 24.0794 
133.4583 11:00:00 2.2188 3.972 5.5037 24.6409 
133.5 12:00:00 2.2364 3.9794 5.5726 25.0306 
133.5417 13:00:00 2.255 4.0044 5.6732 25.5162 
133.5833 14:00:00 2.2676 4.0167 5.7295 25.8866 
133.625 15:00:00 2.3014 4.0016 5.8561 26.2787 
133.6667 16:00:00 2.3178 4.0409 5.9377 26.8935 
133.7083 17:00:00 2.3508 4.0625 6.077 27.6539 
133.75 18:00:00 2.3496 4.0649 6.0916 27.7314 
133.7917 19:00:00 2.3586 4.0689 6.1238 27.8687 
133.8333 20:00:00 2.3661 4.0745 6.1566 28.028 
133.875 21:00:00 2.376 4.0723 6.2001 28.18 
133.9167 22:00:00 2.3837 4.0698 6.2174 28.2647 
133.9583 23:00:00 2.4002 4.0994 6.2382 28.3509 
134 0:00:00 2.3896 4.0933 6.2382 28.4891 
134.0417 1:00:00 2.4081 4.0771 6.315 28.6799 
134.0833 2:00:00 2.4107 4.1046 6.3044 28.8821 
134.125 3:00:00 2.4169 4.1163 6.3574 29.1796 
134.1667 4:00:00 2.4187 4.1079 6.3628 29.1562 
134.2083 5:00:00 2.4385 4.1227 6.4473 29.436 
134.25 6:00:00 2.4304 4.1072 6.3844 29.2434 
134.2917 7:00:00 2.4302 4.1084 6.3685 29.1255 
134.3333 8:00:00     
134.375 9:00:00 2.4628 4.1195 6.4518 29.3966 
134.4167 10:00:00 2.4539 4.1146 6.4608 29.5276 
134.4583 11:00:00 2.4618 4.1205 6.5082 29.7 
134.5 12:00:00 2.481 4.0422 6.4484 29.1374 
134.5417 13:00:00 n.a. 4.0931 6.6483 29.9484 
134.5833 14:00:00 2.5004 4.1268 6.6232 30.1851 
134.625 15:00:00 2.4926 4.1247 6.6572 30.3559 
134.6667 16:00:00 2.5018 4.1252 6.6655 30.3313 
134.7083 17:00:00 2.5114 4.1224 6.71 30.5523 
134.75 18:00:00 2.5146 4.1298 6.7228 30.5918 
134.7917 19:00:00 2.5209 4.1346 6.7464 30.6565 
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134.8333 20:00:00 2.5374 4.1295 6.7998 30.7686 
134.875 21:00:00 2.5266 4.1314 6.7792 30.7476 
134.9167 22:00:00 2.5259 4.035 6.689 29.9968 
134.9583 23:00:00 2.5402 4.0981 6.8139 30.6014 
135 0:00:00 2.5456 4.1116 6.8373 30.9575 
135.0417 1:00:00 2.5546 4.123 6.8585 31.0524 
135.0833 2:00:00 2.5919 4.1263 6.8497 30.9992 
135.125 3:00:00 2.5487 4.1195 7.0125 31.598 
135.1667 4:00:00 2.5518 4.1338 6.8595 31.0144 
135.2083 5:00:00 2.5575 4.1311 6.8925 31.1645 
135.25 6:00:00 2.5535 4.1358 6.8893 31.1739 
135.2917 7:00:00 2.5699 4.1428 6.944 31.4756 
135.375 9:00:00 0.912 1.3114 5.1827 28.8744 
135.4167 10:00:00 0.9484 1.2894 5.1044 28.2231 
135.4583 11:00:00 0.9597 1.2809 5.1699 28.7769 
135.5 12:00:00 2.4158 4.0935 6.6385 29.3232 
135.5417 13:00:00 2.4436 4.155 6.7748 31.8129 
135.5833 14:00:00 2.4197 4.1346 6.6505 29.7384 
135.625 15:00:00 2.4487 4.1659 6.8057 30.6491 
135.6667 16:00:00 2.4425 4.2764 6.7991 30.5445 
135.7083 17:00:00 2.4616 4.1065 6.8086 30.7518 
135.75 18:00:00 2.5277 4.1523 6.8162 30.6036 
135.7917 19:00:00 2.488 4.1435 6.84 30.782 
135.8333 20:00:00 2.479 4.1315 6.6864 29.793 
135.875 21:00:00 2.4968 4.1467 6.842 30.8666 
135.9167 22:00:00 2.5012 4.0524 6.745 30.1429 
135.9583 23:00:00 2.5101 4.1039 6.846 30.7818 
136 0:00:00 2.5138 4.1322 6.8431 30.9452 
136.0417 1:00:00 2.5193 4.1385 6.8455 31.0839 
136.0833 2:00:00 2.5168 4.143 6.8509 31.1013 
136.125 3:00:00 1.1225 1.068 5.0559 27.7411 
136.1667 4:00:00 1.1274 1.0888 5.0969 28.724 
136.2083 5:00:00 1.0877 1.163 5.2127 29.7803 
136.25 6:00:00 1.0607 1.1836 5.2398 29.8266 
136.2917 7:00:00 1.0745 1.1909 5.2641 29.8575 
136.375 9:00:00 1.403 1.2114 5.2089 28.6406 
136.4583 11:00:00 1.1874 1.2714 5.3243 30.4719 
136.5417 13:00:00 1.2179 1.2817 5.3995 30.7879 
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136.625 15:00:00 1.2394 1.311 5.3356 30.3873 
136.7083 17:00:00 1.2392 1.3264 5.4605 30.9568 
136.7917 19:00:00 1.2504 1.3376 5.4776 30.8794 
136.875 21:00:00 1.3099 1.3919 5.509 31.032 
136.9583 23:00:00 1.262 1.3678 5.4946 30.8833 
137.0417 1:00:00 1.2412 1.3483 5.4475 30.5066 
137.125 3:00:00 1.2917 1.2797 5.5985 29.7208 
137.2083 5:00:00 1.2527 1.3702 5.5319 30.6627 
137.2917 7:00:00 1.2486 1.34 5.4559 30.4316 
137.375 9:00:00 1.2363 1.3443 5.3646 29.9524 
137.4583 11:00:00 1.2611 1.3635 5.3675 30.0853 
137.5417 13:00:00 1.248 1.3595 5.3913 30.0737 
137.625 15:00:00 1.2691 1.3776 5.4075 30.2544 
137.7083 17:00:00 1.2718 1.3992 5.5232 30.5215 
137.7917 19:00:00 1.2969 1.3997 5.4742 30.3198 
137.875 21:00:00 1.2822 1.3934 5.4379 30.1625 
137.9583 23:00:00 1.3605 1.286 5.318 28.1619 
138.0417 1:00:00 1.3445 1.5026 5.4314 29.9227 
138.125 3:00:00 1.3804 1.4772 5.4875 29.8501 
138.2083 5:00:00 1.5355 1.8236 5.4372 29.9104 
138.2917 7:00:00 1.5013 1.671 5.4072 32.0513 
138.375 9:00:00 1.4382 1.6328 5.4262 29.6044 
138.9583 23:00:00 1.4474 1.6022 5.4668 29.6948 
139.125 3:00:00 1.443 1.5931 5.423 29.3746 
139.2917 7:00:00 1.4465 1.55 5.4219 29.3822 
139.4583 11:00:00 1.4847 1.5603 5.3991 29.3181 
139.625 15:00:00 2.4045 2.2413 7.6877 40.2749 
139.7917 19:00:00 1.0786 0.6845 4.9502 26.9176 
139.9583 23:00:00 2.4184 2.2175 7.5837 40.8354 
140.125 3:00:00 1.4791 1.5338 5.3526 28.9841 
140.2917 7:00:00 1.6198 1.7735 5.3261 28.8387 
140.4583 11:00:00 1.5995 1.9195 5.4063 29.2216 
140.7917 19:00:00 1.648 2.0274 5.525 29.7782 
141.125 3:00:00 1.6882 2.0251 5.5642 29.949 
141.2917 7:00:00 1.6045 1.9405 5.9538 30.4206 
141.4583 11:00:00 0.6789 0.4842 3.5393 20.3223 
141.625 15:00:00 0.7023 0.5618 3.7224 21.1136 
141.7917 19:00:00 0.7665 0.6261 3.8787 21.7771 
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141.9583 23:00:00 0.8172 0.6628 3.9802 22.2059 
142.125 3:00:00 0.8636 0.736 4.0043 22.2483 
142.2917 7:00:00 0.8938 0.7926 4.081 22.6179 
142.4583 11:00:00 0.9186 0.8298 4.1181 22.3968 
142.625 15:00:00 0.9481 0.7585 4.2431 22.9934 
142.7917 19:00:00 0.9471 0.8294 4.419 24.2499 
142.9583 23:00:00 0.9402 0.7335 4.5011 24.2538 
143.125 3:00:00 0.9324 0.69 4.5831 24.9832 
143.2917 7:00:00 0.9487 0.6828 4.6474 25.1656 
143.4583 11:00:00 0.9479 0.6822 4.7436 27.0699 
143.625 15:00:00 0.9781 0.6922 5.0173 25.6174 
143.7917 19:00:00 0.9855 0.6798 4.9152 26.3891 
143.9583 23:00:00 0.9742 0.6841 4.9206 26.5855 
144.125 3:00:00 0.985 0.6491 4.8968 26.157 
144.2917 7:00:00 1.0235 0.6377 4.94 26.358 
144.4583 11:00:00 0.9901 0.6856 5.0543 27.5623 
144.625 15:00:00 1.0042 0.6838 5.1654 27.9183 
144.7917 19:00:00 1.0585 0.7209 5.2857 30.7368 
144.9583 23:00:00 1.0774 0.7285 5.378 29.446 
145.125 3:00:00 1.051 0.7198 5.392 29.0838 
145.2917 7:00:00 1.057 0.7174 5.4133 29.1593 
145.4583 11:00:00 1.0644 0.7295 5.4819 29.4379 
145.625 15:00:00 n.a. n.a. n.a. n.a. 
145.7917 19:00:00 1.1139 0.7124 5.559 29.3083 
145.9583 23:00:00 1.1366 0.6887 5.5403 29.1909 
146.125 3:00:00 1.0922 0.7379 5.5814 29.5664 
146.2917 7:00:00 1.0839 0.7088 5.5746 29.1702 
146.4583 11:00:00 1.0924 0.7353 5.6396 29.6992 
146.625 15:00:00 1.0995 0.743 5.6983 33.2609 
146.9583 23:00:00 1.1654 0.7603 5.9253 31.1566 
147.2917 7:00:00 1.1313 0.7648 5.8588 30.8751 
147.625 15:00:00 0.7117 1.3161 5.2145 30.68 
147.9583 23:00:00 0.768 1.0749 5.5177 32.7109 
148.2917 7:00:00 0.7393 1.1266 5.4912 33.8133 
148.4583 11:00:00 1.6214 2.4236 6.356 36.7062 
148.625 15:00:00 1.725 2.4815 6.4848 38.5369 
148.7917 19:00:00 1.678 2.6721 6.6773 41.5484 
148.9583 23:00:00 1.7066 2.6084 6.9304 41.2103 
101 
 
Julian Decimal  Time of  Sodium Potassium Magnesium Calcium 
Date Collection ppm ppm ppm ppm 
149.125 3:00:00 1.7336 2.615 7.0919 42.5643 
149.2917 7:00:00 1.7665 2.6788 7.3738 43.6723 
149.4583 11:00:00 1.7264 2.5983 7.2946 41.9241 
149.625 15:00:00 1.7926 2.5866 7.4325 44.7394 
149.7917 19:00:00 1.8042 2.5763 7.7832 44.1508 
149.9583 23:00:00 1.8791 2.5242 7.6581 43.5093 
150.125 3:00:00 1.9917 2.8159 7.8693 44.9125 
150.2917 7:00:00 1.9654 2.5045 7.8119 44.4465 
150.4583 11:00:00 2.0157 2.5292 8.0013 45.7004 
150.625 15:00:00 2.006 2.5508 8.0726 45.8429 
150.7917 19:00:00 2.0537 2.5446 8.2047 46.9756 
150.9583 23:00:00 2.1061 2.5041 8.2179 46.0298 
151.125 3:00:00 2.1365 2.5147 8.3809 46.9111 
151.2917 7:00:00 2.112 2.5828 8.5146 48.1803 
151.4583 11:00:00 2.1378 2.5995 8.6141 48.8393 
151.7917 19:00:00 2.1771 2.5065 8.771 47.9578 
152.125 3:00:00 2.1963 2.5712 8.957 50.0719 
152.4583 11:00:00 2.2367 2.5608 9.1587 51.226 
152.7917 19:00:00 2.2387 2.5483 9.2414 51.5482 
153.125 3:00:00 2.2809 2.5445 9.3452 51.7795 
153.4583 11:00:00 2.2998 2.5778 9.502 52.1284 
153.7917 19:00:00 2.3024 2.5503 9.5486 52.862 
154.125 3:00:00 2.3447 2.4814 9.5318 51.9372 
154.4583 11:00:00 2.4208 2.4756 9.6481 52.4517 
154.7917 19:00:00 2.3826 2.5176 9.8111 53.9795 
155.125 3:00:00 2.5565 2.5626 n.a. n.a. 
155.4583 11:00:00 2.5351 2.525 10.1622 55.0579 
 
 
 
 
 
 
 
 
 102 
APPENDIX G 
 
Data collected at the 30 cm lysimeter during the second trace 
 
Julian Decimal Time of  Sulphorhodamine B Fecal Coliform E. coli 
 Date Collection ppb MPN MPN 
127.4688 1115 0.5 10 10 
127.7188 1715 81500 200 200 
127.8021 1915 46600 <100 <100 
127.875 2100  <100 <100 
128.0417 100 32759 100 100 
128.25 600 19883 <100 <100 
128.4167 1000  <100 <100 
128.6146 1445 15498 <100 <100 
128.8542 2030  309 259 
129.3646 845 18489 98 41 
130.3333 800 17083 10 10 
131.3646 845 16525 <10 <10 
132.3542 830 15909 10 20 
133.3646 845 7375 <10 10 
134.3646 845 12833 <10 <10 
135.4167 1000 10925 <10 <10 
136.375 900 9300 10 10 
137.4167 1000 8386 10 10 
138.4167 1000 5294 41 31 
139.6042 1430 4355 <10 <10 
140.4583 1100 4118 <10 <10 
141.4167 1000 3591 <10 <10 
142.4583 1100 3988 10 10 
143.375 900 3695 <10 <10 
144.3125 730  <10 <10 
148.375 900  <10 <10 
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APPENDIX H 
 
Data collected at the 60 cm lysimeter during the second trace 
 
Julian Decimal Time of  Sulphorhodamine B Fecal Coliform E. coli 
 Date Collection ppb MPN MPN 
127.4688 1115 0.3 0 0 
127.7188 1715 29958 <100 <100 
127.8021 1915 29102 <100 <100 
127.875 2100 20403 100 100 
128.0417 100 16531 <100 <100 
128.25 600 10425 <100 <100 
128.4167 1000 7774 <100 <100 
128.6146 1445  200 200 
128.8542 2030 6200 63 63 
129.3646 845 4751 122 110 
130.3333 800 3878 35 33.6 
131.3646 845 3428 20 20 
132.3542 830 2434 <10 <10 
133.3646 845 2526 <10 <10 
134.3646 845 2182 <10 <10 
135.4167 1000 1785 <10 <10 
136.375 900 1506 <10 <10 
137.4167 1000 1066 10 10 
138.4167 1000  <10 <10 
139.6042 1430 989 <10 <10 
140.4583 1100 818 <10 <10 
141.4167 1000 636 <10 <10 
142.4583 1100 545 10 <10 
143.375 900 544 <10 <10 
144.3125 730  10 10 
148.375 900  10 10 
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APPENDIX I 
 
Data collected at the 90 cm lysimeter during the second trace 
 
Julian Decimal Time of  Sulphorhodamine B Fecal Coliform E. coli 
 Date Collection ppb MPN MPN 
127.4688 1115 1 0 0 
127.7188 1715 9385 <100 <100 
127.8021 1915 14483 <100 <100 
127.875 2100 11439 <100 <100 
128.0417 100 8825 <100 <100 
128.25 600  <100 <100 
128.4167 1000 6487 <100 <100 
128.6146 1445 5006 <100 <100 
128.8542 2030 4237 31 31 
129.3646 845 3476 31 31 
130.3333 800 4919 54.6 51.2 
131.3646 845 2417 98 98 
132.3542 830 1324 20 20 
133.3646 845 2084 <10 <10 
134.3646 845 1766 41 41 
135.4167 1000 1395 <10 <10 
136.375 900 3974 <10 <10 
137.4167 1000 3609 <10 <10 
138.4167 1000 3745 <10 <10 
139.6042 1430 3373 <10 <10 
140.4583 1100 2998 <10 <10 
141.4167 1000 1429 10 10 
142.4583 1100 959 <10 <10 
143.375 900 912 <10 <10 
144.3125 730  41 10 
148.375 900  31 31 
 
